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Coordination Chemistry 


Hints & Solutions 


Explanations: 

1)c 

In, Ni(CN,)* oxidation state of Ni is +2 & its valence shell electronic configuration is 3d* .Since CN is a strong ligand 
„therefore these ligands cause to pair up two unpaired electron resulting in vacant 3d orbital.. 

Hybridization: dsp2 

Geometry: Square planar. 


3d 4s 4p 
Ni-atom LTT | 
Ni (1) d LLLJ 


IN(CN),] ^ 


In Ni(CL,)’-, oxidation state of Ni is +2 & its valence shell electronic configuration is 3d* Since CT is a weak ligand , 
no pairing ,none of the 3d orbital is vacant. 

Hybridization: sp* 

Geometry: tetrahedral 


3d 4s 4p 
vw [AT NTNT tT] fl LET I 
seme TINIAN] LI TL I 


Four empty sp? hybrid orbitals 


Formation of 


[NiC P NININITIT IN INE 
Four pairs of electrons from 


2)c 
Oxidation state of Ni is +2 & its valence shell electronic configuration 3d* 
For two unpaired electrons geometry is Tetrahedral. 
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3d 4s 
nein [NTA tt) (SN 
wie. [SISISITIE] LLI I ] 


Four empty sp? hybrid orbitals 


Formation of 


[NiCL E" [NII TT Tt 


Four pairs of electrons from 
four CI 


3) b 

For term symbol only valence shell is considered. 

Term symbol ^! Lui n 

S= WH^-] ,2st+1=3 

L= Ix(1)+ 1x(-1) =0, the term symbol is »; 

When molecular orbital is x , 2s+1= 3 give negative sign to distinguish Y terms 
g and u are used for molecules which have COS present , u*u =g 


4) a 

HOMO- e* of Cr? HOMO} c* of Cr? 
LUMO- 6* of Co? LUMO- az/z* of Ru? 
Acceleration 210? Acceleration =107 


Inner sphere mechanism is favourable for c—6* transition only. 


5) d 
For a d? octahedral complex [Mn(Hz-O)g ] ? all transitions are Laporte forbidden (orbital forbidden) as 
well as spin forbidden. Absorptions associated with doubly forbidden 
transitions are extremely weak, so ttis very lightly coloured. 


6) a 
In the given cáse ligand in same, so higher the formal oxidation state of the metal , lower will be LMCT. 
Mn Oxidation state.--7 
Cr Oxidation state +6 
V Oxidation state +5 
Só, orderis MnO CrO4* < VO4* 


7) d 
a) Ni? = 3d? , No Jahn - Teller distortion , ideal Oh 
b) Mn"? = 3d, No Jahn - Teller distortion , ideal Oh 
c) Cr?- 3d?, No Jahn - Teller distortion , ideal Oh 
d) Ti?- 3d!, shows Jahn - Teller distortion , ideal Oh geometry is not observed 
8) b 
For ?D 
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2841-23, 2S=2, S=1 

S=1, L=2 

For term, S, P, D, F 

Value of L= 0, 1, 2,3 

J can have values from [L+S].....[ L-S] 
12-1 I.....12 1I 

3 2 1 

Possible J Values are : 3 


9) b 
Charge transfer spectra are possible due to transfer of electron from ligand to métal or from metal to 
ligand. 
In Ceric ammonium nitrate (NH4); [Ce(NO3)¢], metal is in a high oxidation state & ligand has 
reducing properties undergo ligand to metal charge transfer.So, Intense colour of Ceric ammonium 
nitrate, (NH4); [Ce(NO3);] is due to charge transfer from bidentate NOF to Ce" which has C.N- 12. 


10)c 
Kurnakov test is used to distinguish between cisplatin and transplatin, by using thiourea as a reagent. 
Cisplatin+ Aqueous thiourea — deep yellow solution and on crystallisation it gives 
yellow needle shape crystal of tetrakis(thiourea) platinum 
(II) chloride 


Transplatin + aqueous thiourea —Colourless' solution ofi crystallisation it gives 
white needle shape crystal of trans-bis(thiourea)diaammine 
platinum (IL) chloride 


11)b 


Total isomers = geometrical isomer + , (optical isomer ) 
Geometrical isomer = 2 isomers (trans form + cis form) 
Optical isomer = 2 isomers ( d —cis-form + l-cis form) 
Total isomers= 3 


12)d 
N> Is! 28 2p? 
L=1+ 0-120 
s=3/2 


2s+1=2x3/2+1=4 
J=(L+S)....(L-S) 

=|0+3/2|.... |0-3/2|= 3/2 
Therefore; Ground state term = S 
Term symbol = *S5; 


13)c 
[Co(NH3)g]* highest value of Ao 
Highest energy (v) or lowest value of wavelength is absorbed 
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14)b 
Number of unpaired electrons = 2. 
Thus this complex is tetrahedral. Tetrahedral complexes show only one isomer. Magnetic moment 
corresponding to two unpaired electrons 2.9 B.M. The hesh values 3.20 due to spin-orbit coupling. 


15)b 

For allowed transition : a)Spin multiplicity should be same or AS = 0 
Therefore (a) is not allowed as AS + 0 
b) AL=0,+ „for allowed transition 
Therefore (c) is not allowed as AL #0, + 1 
c) u  g (allowed) 

g— g (not allowed) 
Therefore (b) is correct option. 


16)b 
For d? and d? , the lowest transition gives the value of Ao 
Energy 
with mixing 
nomixing  *.- ‘T, (P) 
ip qd eee m : 
15B ` 
SE C. 
4 = 45 
| Pd 6D, 8D, P. (F) 
L4 
S| -— eia bs e: 
Ye 
i -——— 4 
^ | ; T, 
` 
y 
\ 12D, 10D, 
: . 
=e | 
Y 
- Ven 4 Ay 
Correlation of spectra for [CrF,}* (in em) 
Observed spectra MEUM -$ Predicted 
lbg RS) n 30200 . 30 700(12D, + 158) 
ye es o Ett 26 80018 Day =. 
‘het Dh, h qM 14 900 (1025) 
17)b 


Substitution nucleophilic unimolecular conjugate base mechanism. 
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[CoCI(NH3);] ? + OH: >[Co(NH3)4(NH2)Cl] *! +H,0 


de 
5 [Co(NH3) 4(NH2)]*? «cr! 


SS eee 


[Co(NH3)4(NH2)CI] 


[Co(NH3) 4(NH2)] ? + OH. 5 [Co(NH3)sOH] ? 


18)d 
Explanation 
[ |. 
mu M 5 
x -y 
` Energy 
mM 
t M dy 
19) c 


[Co*(NH3)s] High spin 
[Co*(NH3X] ? —Low spin 
[Ru(NH3)g] 5 Low spin ; 
[Ru*(NH3)s] ^ Low spin 


20)d 
For Ce" ions NO; behaves as bidentate ligand. Thus C.N. for [Ce(NO3)6] ? is 12 and shape 
corresponding to C.Nz12 is icosahedron. 


21)c 
Ligand CT is both 6-donor and z donor 


Accordihg to LFT, each ligand is always a 6 -donor some ligands like: NH; which has only one lone 
pair of electrons is only 6 -donor. Some ligands like F`, Cl, OH etc. which hence two or more lone pair 
of electrons are Gas well as x donors. Some ligands like CO, CN’, SH4, bpy, phen, etc. have x* vacant - 
orbitals so these are 6 -donor but z- acceptors. 


22)c 
Spin-orbit coupling of d-electrons takes place in which t», orbitals are unsymmetrically filled. 


23)d 
Nucleophilic attack on olefins under mild conditions 
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SE: 


sd eee 
C=C — —»— REC 
"i 5 "á 
M 
Nu“ can attack casily 
So, it requires activation by coordination to metal. 


24) b 
For Ni” ion in free state, the thus having same spin multiplicity as ?F and ?P. In octahedral field, ?F 
splits into ? Aog . "Tos and ^T jg terms but ?P does not split but it transforms into Ty (P). Therefore» orgel 


diagram is. 
TO) " 
t 
{ 
| 
T i 

à ap 

Energy 

> od 

sd & wo psa Ligand;Filled.strenath | — - 


Three electronic transitions are ? Tog Woe ! 3 Tig P Aog , "Tis (P) — Aag 


25)c 
. A f! 
We know that number of microstates= ANSE 
For d°, r= 5, 1-2. Thereforé, 
n = 2(21+1)= 2(2x2+1) ^10 g 
Number of microstates = '—————— = 252 = 7x64 9 


k!xk! 


26)c 
For allowed transition : 
(a) Spin multiplicity should be same or AS = 0 
Ais not allowed transition as AS # 0 
(b) AL = +/-1 , 0 for allowed transition as AL z 0, + 1 
therefore E transition not allowed as AL #0, +1 
B, C, D are allowed . 
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27)a 
[MoxS2)]^ 
The structure of [Mox(S;)s]? cluster is: 


So, the bridging sia , is two and co-ordination number of Mo is 8. 


28)c 
[C(O > 6, e?, 


e 
LELE * electron transition from 
(Co(H5;0)* —— ——* hp eg? ty, to ey. Therefore, d-d 


transition. 
TIT), 


electron transfer from e to t; 


[CoCL- ———— e t? therefore, d-d transition. 


In this electron transition from t^», — e^; , therefore d-d transition. 
[CoCL]? — tr e^, 


Electron transfer from e to t» , therefore d-d transition. 


29)b 
; l acac l acac 
PPhs 
| |—2APPh, | : [Pets 
acac Ru acac * Ru 
| | PPh; | | | PPh; 
PPh; ; 
E fa Mirror acac 
Trans -. ‘ck ‘cis-d (0 .6is4 


Total isomers = geometrical isomer + (optical isomer) 
Geometrical isomer = 2 isomers (trans form + cis form) 
Optical isomer = 2 isomers (d —cis-form + l-cis form) 
Total isomers= 3 
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/ 10 Cu-O bonds 


H2 


31)c 
Electric dipole allowed transition in d? 
For electronic transition selection rule, spin multiplicity AS=0; Al= +1, AJ = 0, +1 
*F 3D is allowed transition because AS=0, Al = -1 


32)d 
In BesC3 , Be’ = In tetrahedral voids 


C5? = In FCC arrangement (Lattice point at corner + at each face centre) 
Therefore, coordination number of. Be' = 4 
And coordination numbenof C4? = 8 


33)a 
In trigonal bipyramidal complexes, the two ligands lie on z-axis and the three in xy plane somewhere in 
betweensthe axes. In xy plane, there are four electrons and on z-axis there is only one electron in d, 
orbital 
Electronic Configuration, dà. = dà, < dà, =d ug, « «di 


34)a 
Co30, is amormal spinel. In normal spinel the Co? ions occupy tetrahedral voids and Co ? ions occupy 
octahedral voids. Therefore, spinel structure of Co3O, is 
(Co^), QCO^), O, 


35)a 
Trans effect of CI > NH; 
Anti-tumour agent is cis-[Pt(NH3);CT] 
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The precursor of this complex is [PtCL]? 


2- = 
i^ ,C + NH; sn * is + NH, un ui 
t ————— ———— 
So: 
ci” "Cl | c^ “cI ci” “NH; 
36)b 
Explanation 
42 +1 0 -l 2 Hb og =I 2 449 -- +1 0 -I 


ALLIT LL LTA 


LITLITDLIS CLIE 
LELI 
LI NN 


LII] 
EN 
Lii d mi 


37)a 
The rate of water exchange in [Cu(H2O);] is fastest due to Jahn-Teller distortion. For other three 
complexes of 3d-series dipositive metal cation, the rate of water exchange decreases with increase in 
effective nuclear charge and decrease in size. 
Correct order? «(1)» (11) (iii)? (iv) 


38)a 
Trans effect CY has*larger trans effect than NH3 
cl = cl k 
Cl 
up ‘NH, Wu EU n Nhs 
Z P -CI Z P / id 
CI CI Cl NH3 i CI NH3 
cis 
39) b 
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The electronic transition responsible for the colour of the transition metal ions is d; —d,* which is in 
according to LFT. _ 


4 
Pinu) ' character of metal orbitals 
4s(, 
" : d. antibonding 
3d(e, +t, ) : 


to, has n-symmetty 


81g tlw e, 


character of LGO's 


aj 


8 


40)c 
The mulliken symbols for the spectroscopic states arising. from free ion term F are Tig +T2g + A»; 


41)c 
Co(II), Zn(II) and Be(II) form tetrahedral complexes with CI or OH. 
Be(ID has no d-orbitals, thereforeit form tetrahedral complexes. 
Co(II) and Zn(II) form tetrahedral complexes with halides and OH’. 


42)a 
[CoCl4]* +6H20(blue) SyfCo(H20)¢] 7*+4Cr 
(blue, tetrahedral) (Light pink, octahedral) 
43)b 
[Bu4N]5 Re; Cls 
-2 
cl ci 
2[Bu,N]* + [Re;Cl]? —— E rn 
cl Na 
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o* 
g’ 
ABMO 
6* 
[LUMO] 
HOMO 
FT 


6-65* transition 


44) d 
Among the given ligand CO is most 7 - acid ligand. Between C2H4 and C;F4; C;F4 has more tendency 
to behave as ;r-acid ligand due to more electronegative F atoms which holds electron density towards F 
atoms and alkene behaves as a better z -accepting position from metal. NEt3 has very little behaviour 
towards s1-back bonding. Thus, the order is 


NEt4 «C5H4 «C5F4 «CO 
45)a 
$a [VCI]]^ Oh Va) & — — 
Oh=V"=d A 4 4 3 electron unpaired 


(n°-CsHs)) Cr Q = — 


4. Aig 2 electron unpaired 


2 A = €2g 
© 


Co(NOgS]? Oh Col ats ge: maypa ier ee 
[Co(NO2g]^ Oh Coll dts e — "dp s No.unpairedjelgctron | 


[Co(NO:;) el 3- ! AP | 
Oh = Co? - d? — no unpaired electron. 


Ni ^ 245 square planar — no unpaired electron. 
More unpaired electron in VClg^ 
So, it contain highest magnetic moment. 


uL 7438 +2) » A15 B.M 
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46) b 
Intensity of C ^A 4E , is lowest, since it is spin forbidden. 


47)a 
As strong field ligand have high crystal field stabilisation energy, according to spec trochemicalseries of 
ligand, the given ligand in order Br < CI < NCS” 
Thus, A, of given complexes follow the order: [Co(NCS4)]" >[Co(Cl,)]* > [Co(Br4)]* 


48)a 
Co^ tog e, > u = 3.89BM 
cr fu e, — u = 4.9BM 
Mn" — t p> w= 4.9 BM 
Fe?’ t^ Cg u= 4.9BM 


49)d 
For two non-equivalent z-electrons [x', 22] 


[4 [4 | nn If we consider the 
following arrangement 


m H -l m +1 -l 
L=042 L-052 | nn 
S=1 S=0 Je ce eee ee 
2841-23 ! |: 2841-1 i330" 
term ?X term !X , S=1 term— 3A 
2841-3 


*6 is not possible. 


50)c 
Order of ligand is spectro chemical series 
SCN < Cl < F «CN. 
From above it is clear that €N' will produce highest energy difference, followed by F', Cl, SCN”. As 
colour of complex is complementary colour of absorbed light. 
Thus [Co(CN2)): absorbs orange colour radiation which complementary colour is blue therefore colour 
of [Co(CN,)]” is blue. 


The other combination according to energy are mismatched. Hence, only option (c) is correct. 
51)d 

Mn** — 3d—. £5, e, (high spin octahedral) 

CFSE in Oh field=(-0.4*3 +0.6*2) =0 


Cr? 30S tre e^, (octahedral) 


CFSE in octahedral field = -0.4x3Ao= -(0.4x3) Ao = -1.2A0 
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In d elongation In tetragonal compression 
doy d 2 
i d; n] da p 
diy mm dyz d;, 
dy; dzx mn he 
53)c 


Pt-S— dz-dz bonding in weaker than that of Pt-P bonding. When Pt-S and Pt-P bond are trans to each 
other then Pt-S become weaker therefore in such a situation SCN ligand tends to form bonding through 
M atoms of ligand as M do not do not form da-pz poudte Hence,.the most probable structure will be 


ST UP 
"n "à AR 


54)a 
Ni?" is tested by dmg 
Ni? + 2dmg — [Ni(dmg);] (Tschygaeff test ) 
Red 
The structure of complex is 
„H 
ig ry 
—rc = Me, Me 
Me ] " e 
| 
Me—C==N ,C—N^ "we, 
O on wa | | Me 
dmg OL 0 
H "Sy deen bond 
Therefore 
Ni-N bonds = 4 
Ni-O=0 


Hydrogen bonds = 2 


55)a 


| Coordination Chemistry 
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NiBr; reacts with (Et)(Ph2)P at -78°C in CS; gives red copound 'A' which on standing at room 
temperature turns green to give B. 
Measured magnetic moments of 'A' is 0.0 BM (no unpaired electrons) 
and 'B' is 3.2 BM ( two unpaired electrons + orbital contribution) 
For A geometry of Ni? = 3d? 4s° = hybridisation = dsp? (square planar) 
For B geometry of Ni?* = 3d? 4s° = tay e^, = two unpaired electrons, hybridisation = sp? (Tefrahedral) 


56) a 
In [AgL4]* and [AgLq]" , Ag" has d? configuration, hence have unpaired electron, Hence 
paramagnetic. 
[AgL4]**, Ag"" has d® configuration and dsp” hybridization (square planar so'pairing Of electron). 
Hence, diamagnetic in nature 


57)a 
[CoL,] ** —red colour— absorbs green radiations 
[CoL';] * —green colour— absorbs red radiations. 
Energy of green radiations > energy of red radiations, Therefore, L will be stronger ligand than L'. Thus, 
L and L' are NH; and H5O respectively. 


58)a 
[V(H20)6]** 2 V?* 2 3d! 5 à eg? 


4 bg be be 
Tig one electron transfer two electron transfer 
3 + 3 3 
Ti g Tag Arg 


Two transition 
Vi= “Tig (F) S&T 2g (F) W2 = Tig (F) 9° Tig (P) 
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59)d 
For np? configurations (microstates) 
I M S 
E. Fuss edi 

(Di +1 0 -l D 3 l 0 
ap 4 4 = ip l 3 | 
(Il) — 4, -— 'S 0 ] 0 
av) {4 | " ID I 3 1 


|Coordination Chemistry 


The configuration (IV) violets the Pauli's Principle, Hence term symbol ^D is not possible. 


60) a 


32 


O 
eA cic T [Cr(H50),* 


Labile 
Inert | 
H,O 


O—Cr(H20)s 
m 
NH; 


Electron estne] 


+5 
| wwe) » g= ia | 
N4 


Su:cessor complex 


In the.successor complex inert ruthenium bridged to inert chromium. 


61)a 


(Phen) is.án-z-ácceptor ligands hence there is mixing of donor and acceptor orbital having similar 


symmetry this leads to fast transfer of electron leading to enhance rate of reaction. 


[Fe(phen) ;] ^ [Fe(phen) 3] ? 
| 


t 2g € t* 
gg 2g € 
qp 5g*? n*9e n 


g 
Electron transfer takes place from n** (Fe'?) 1*° (Fe?) 
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Correct answer is (a) 


62)a 
s and p both form x -bonding with complex and z-bonding capacity of sulphur is greater than 
phosphorus due to smaller size of d-orbital of sulphur. Hence, in presence of sulphur trans to phosphorus 
donor atom phosphorus-metal bond will be weak hence they do not lie trans to each other in the 
complex. As nitrogen does not involment in x -bonding with complex hence when nitrogen atom is trans 
to phosphorus, phosphorus become able to form efficient n -bond with metal hence become stable thats 
why P and N are trans to each other 


| Me 
N^ 
SON. 
Pd 
| nes 
Php 
/ 
Ph 
63)c 
OH? 
OH, " 
equatorial bond short 
i UN P 2 ou ric 
rad Tw 
20 | Son, 
OH 
mH] 
Cg cy 
z 2 
Ni** 
i 
beg : be 

Symmetrical electronic There is large electron density at z-axis 

environment so all bond So, on z-axis increases 

length same 
64) a 

Oo 
kk 
N^) 124° (bent NO) 
Cl CO Cl co 
| x SS i sy 
% BF4 y N BF, 
| a d PPh, : PhgP PPh; 
16 electron 18 electron 
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Terminal NO=1672 cm! 
Bridging NO=1505 cm 


65) d 


N-1s 2s 2p 
L=+1 0 -I 


S= 1/2+1/2+1/2=3/2 


L=+1+0-1=0 
66)a 
2 2: 
CI cl F CI NO CI 
EN. «NO; BON - NH; Ew. 
Ft een Pt —_ Pt 
ransé N 2 >Cl > NH, Cc Noy | Han ^g 


67)c 
Hy " Pu 
NN ' HaÇ NH; H2 T H2 | 
e—|—NI * |; | HC—N—|— cl NN ee 
cH) | Be Neb | 
1 C 


C 


' Co 
JN SL : wo LZ [Nb 95 
NH | 


Va 


CI y iN 
ch c T 7% | Ci | 
2 2H Ho CH; -CH 
cis-d cis-/ 


Trans optically inactive 
Total isomers =geometrieal isomer + (optical isomer) 
Geometrical isomer = 2 isomers (trans form + cis form) 
Optical isomer = 2 isomers (d —cis-form + l-cis form) 
Total isomers= 3 


68) a 
Explanation 


| Coordination Chemistry 
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Litt. 
(Mn(H,0),|°*, Mm ——— e id —n m 
ERR 


Ground state term for d* is 5S which transform into ° A,, in octahedral field. 


EREN €g KHE °g 
hv 
eti ~ cen, 


There is spin change during electron transition. Therefore, transition is spin disallowed 


69)a 
[CoCI(NH3);]? + OH” — [Co(NH34(NH;)CI]'! +H20 


[Co(NHs3)4(NH2)CI]" — —[Co(NH3) 4(NH2)]"* + CI" 

[Co(NH3) 4(NH2)]*? + OH” — [Co(NH3)SOH]? 

Base hydrolysis of [CoCI(NH3)s] ? depénds.on the concentration of both [CoCI(NH3)s] ? 

and base. In this reaction OH abstract proton from coordinated NH3. 

The base hydrolysis of [Co(CN)]* is independent.of base because it has no ionizable proton. 
70) c 


[Ne] 2p" 3p' 
2st1=3; 2s-2; sl 


For, D, L=2 
J=|L+ts|..... |L-SE2-1]... [2-1 |= 32,1 
Levels for D are *D3, *D2, 7D, 


71)a 
[MnF.] *-, Mn?—3d' 5 t, el 
(HS) 
LLU 424-249 
$-2—2sH = 2x241-5 
L=2—D 
Ground state term symbol °D 


72)a 
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It is first inorganic optically active compound discovered by Werner. 
6+ 


NH3 
HN, | Nha 
Co 
NH3 - we | ws 
HN. | — ae 
ae —N. 
Tal | Q | P 6Br 
NH3 cw | M4 
3 
p-a 
HaN | NH3 
NH3 


Number of Co-O bonds = 12 
Number of Co-N bonds 12 


73)a 
[CrCl] ? 
Cr * 53d? 


u, = /n(n +2) = DE -3.87 


U Ls 7 n t 2 ll + 1) 


+ ERD- Mo. 


+2 +1 
L=3 


Hras = ¥3(3+2)+3(341) = V15+12 = V27 =5.20 BM. 
Hiss= yn +2} (1+1) -q38-2*3(-1) -V15-*12- /27 -520 BM 


74)a 
The bonding in phosphine ligands; like that of carbonyls having two components. The primary 
component is/$1gma donation of the phosphine lone pain to on empty orbital on the metal. The second 
component is back'donation.from filled metal orbital to an empty orbital on the phosphine ligand. This 
empty phosphorous orbital has been described as being either a d-orbital or an antibonding sigma orbital 


(6%). 
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n-backbond 

@ © e 
: 3 
MC--G DPR, DO 


o-bond 


empty ae i filled o*-orbital 
d or p-orbital iini d-orbital (red colour) 
PR; 
LM L,M(PR;) PR; 
roe X 
M c n 7 
O 2 
M i 


So, in transition metal phosphine (M-PR3) cómplexes, the back bonding involves donation of electrons 
from M(t;, )— PR3(c*) 


75)b 
For allowed transition : a)Spin multiplicity should be same or AS — 0 
Option c and d (incorrect) ds AS 7 0 
b) AL 7 +1, for allowed transition 


3S—3P 
AS =3-3=0 
AL= 1-07 1 
76) d 
ns! np! 
L=len= P 


S=1 hence, 2S+1=3 

For J value, if orbital is less than half filled than 
J=|L-S|=|1-1|=0 

Hence, ?Pj 


7T)a 
Fe(II) protoporphyrin > a —7* transition 
[Mn(H20) ;]Cl; —^ Mn*?—>d° (high spin) spin forbidden (d-d) transition. 
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hv 


bs TIRIN ba 
Dp 2p 


:Se5/2 S-3/2 


AS=1. Hence, not allowed. 


[Co(H20)¢]Cl, >Co**— d" (high spin) (d-d) 


eg eg 
hv . 
—Ó Be 
be be 


S=3/2 
AS= 0. hence allowed 


78)c 
K4[Cr(CN) 6]= Cr’ df (low spin) 


| Coordination Chemistry 


For a compound to show John.Teller Distortion eg or tz, set should be electronically degenerate. 


(1) Cr? 5 df (low spin) 
xw 
HO., 
Electronically degenerate hence show John Teller Distortion. 


(2) Ka[Fe(CN) 6] = Fe? (low spin) = d* (low spin) 


Liw 


LALALA 


Electronically non-degenerate hence, no Jahn-Teller distrotion 


(3) K3[Co(CN)¢] = Co? > d* (low spin) 
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Same as above hence, no Jahn-Teller Distrotion. 
(4) K4[Mn(CN) 6] = Mn? (low spin) 


eg 
TH, 


electronically degenerate 
Hence, complex will show Jahn-Teller Distortion. 


79) a 
[Fe(Phen) 2 (NCS) 2] 
Fe? = df complex 
At high temperature high spin and at low temperature low spin behaviour at 250 K 


CFSE = 1.6 Ag +1.2 Ap =0.44, 
u=,/n(n + 2) =,/4(4 + 2) = 4.90 at 150 K 


UN 


CFESE.-0.4 x 6)Ao = -2.4A 


am U 
80)a 
Taking the valence shell configuration 
Be 2s! 3s! 
s=1/2+1/2 =1 


Multiplicity =2S+1= 2x1+1=3 
L=0+0=0, Sterm 

J= (L+S) =(0+1) = 1 

Hence, terms is 3S, 
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81)a 
[CrO,]"< [MnO;]^ <[FeO,]}” 
All have +6 oxidation state but due to smaller size on going from Cr to Fe, Fe has very high charge 
density. Hence, it has very high tendency to accept electron. Hence, strongest oxidising agent. 


82)c 
Number of unpaired electrons 
(A) [CoF,] * — d^ (high spin) = t^, e?, 4 
(B) [IrCI,] * —d* (low spin) = t*,, e° 0 
(C) [Fe(H20) 4] ?* —d* (high spin) = t^, e?, 4 


Since, A and C has same number of unpaired electron. Hence, they haye same magnetic moment. As A 
and Care 3d-block metal with weak ligand. Hence, they are high spin while Ir being 5d-metal is low 
spin. Because 5d has greater splitting power than 3d. 

83)a 


[Mn (H20) 6]** = d* (HS) 


As all the levels are electronically non-degenerate. Hence, No Jahn-Teller distortion. Therefore, all the 
Mn-O bond length will be equal. 


84)a 
[Fe(phen) ] ^^ \> [Fe(phen)3]* +e 
( Red) (Blue) 


In presefice of oxidising agent like K;Cr?O; , [Fe(phen) 3] ^* changes it colours from red to blue hence, 
they are used.in redox titration. 


85)a 
The stability (formation constant for complexation of cryptate complex depends upon) 
(1) size of cavity 
(2) size of metal cation 
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cryptand | suitable cation 


crypt - 211 Li* 
crypt — 221 Na* 
crypt — 222 E 


Hence, K* ion will form most stable complex with cryptand-222. 
86)c 


Re(6d) 
Mn(3d) 


E; E 


EL — OQp) 


E; > E, hence, energy required for transfer of electron from oxygen to Re falls in UV region. Hence, 
[ReO4]  colourless while in [MnO;]' due to less energy difference it falls in visible region. Hence, 
[MnO,;] ' coloured. Also as both Mn and Fe have +7 oxidation state i.e. they have no d-electron hence, 
no d-d transition and colour arises due to LMC. 


87)a 
[Co(CN) CI] ^ + OH —[Co(CN)s(OH)]*- «CT 
The reaction proceed through dissociative pathway and rate is dependent only concentration of 
substrates. As substate do not have acidic hydrogen. Hence, it does not undergo Sn 1CB mechanism. 
[Co(CN) sCl]* > [Co(CN)s]g] OH —  [Co(CN);OH]^ 
(slow) 


88)a 
Explanation 
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(IIT) | qn 


[Co(NH)sCIP* + [Cr(H20)6" = [(NH3)sCo — CI — Cr(H;0);]^* 


Labile due to d'(HS 
Y (III) 
[Co(NH;)s* + [Cr(H;O).CIP* <—— [(NH,);Co — Cl— Cr(H20)j]"* 
^ “a | 


H,0* | 
d? (inert) 
[Co(H5O) P + NH," . inert due to stable (d? state) 


89)c 
Tanabe-Sugano are useful in interpretation of spectra of both high spin and-lów spin complexes of d- 
d? metal cation. 
In Tanabe-Sugano, the energy of excited sate (expressed as E/B) are plotted against ligand field strength 
(expressed as (Ao /B). 
Zero energy is taken for the lowest term and also two.form of same symmetry never cross each other 
and they bent for apart from each other due to repulsion. 


^f 
30 
4 
20 s. 
E/B 4p h 
10 
^p 0 Ay B 
90) b 
[CrF,] ^9? 
Orgel diagram for d, 
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‘Ta (P) 


"Au C12)A. 


ground state= *F 
First excited state = ^P 
"Aog "Tog (Ao) 


vı = 14900 cm™ ; v; = 22700 cm” ; v3 = 34400 cm! 
Since, “Tıg (P) and Tıg (F) have no fix energy. therefore, they will not provide accurate value of Ao. 
Thus, energy difference between *A2g —T;g 14900 em  ! will be correspond to Ao 


91)b 
For [1s/2s2p* 3p!] 


+1 0 1 1 
HLJ *5 
Ist1=2x - 122 
J=|H+5]..... [l-s| 
=|1+4).....[1-4] 


=3/2 12 
Term symbol ^Ps5 "Pi 


92) b 
3p. , 3p 
Since, for allowed transition (atomic), AS=0, AL=0,+1 
In option-à and c spin multiplicity is not same therefore incorrect 
In option d , AL=2 therefore incorrect. 
93)d 
[Ni"L;] "**""* has shows absorption bands at 8500, 15400, and 26000 cm” 
[Ni" L';] ^" at 10750, 17500 and 28200 cm” 
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as for first complex absorptions bands are at low energy i.e. it has weak splitting therefore, it has weak 
ligand and for II complex high energy absorption bands corresponds to strong ligand.Thus, L is weak 
and L' is strong ligand. 


94) b 
Number of microstate in ?F is calculated as (2S + 1) (2L+1) 
For F, L=3. 
Hence, (3) (2x3+1) 221 


95)b 
Chelate effect is predominately due to entropy change 
[Co(NH;), ] +3en=[Co(en), 1" +6NH, 


C di en 
Co-NH, bw ; 


AH nearly same but entropy change is more. 


96)b 
42 0 


d 
os- HHT 


L=YM, =5-3=2=D 
S=2 , 2S+1=5 
Hence, lowest energy form = °D 


97) d 
H» (excited state) 


l yl. 
Oig Olu 


L=0=} 

S=1/2+1/2= Y , 2s+1=3 
gxu-u JY 

For half filled. 


98)c 
[Cr(bipyridyl);] ^— d^ = 4F (ground state term) 
As phosphorescence is spin-forbidden transition and also occurs when electron comes from excited to 
ground statesHefce, transition ^A», — ^E, is responsible for the phosphorescence. 


99) c 
For orbital contribution the set should be unsymmetrically filled 
[Cu(H50)s] 75 t5, e?, >No contribution 
[Ni(H20)6] —> t^ e, —No contribution 
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[Co(H50),] ° — t^ e^, > Orbital contribution 
[Cr(H20)]?— £5, e's > No contribution 


100) d 
In KMnO, all the electrons are paired. However, its paramagnetic susceptibility of the order of 109 cm? 
mol” is due to the temperature independent paramagnetism. 


101) a 
The complexes having T ground state have orbital contribution to magnetic momeht however for 
complex having A or E ground state some time Herr is slightly greater than Pepi 1s due townixing of first 
excited state T (having same spin multiplicity to ground state) mixes with A or E due to spin «coupling 
and there is calculated by 


nar =m (1-28) 


t Fo» 


m hv. 
ET io 


“Toy 


Cu(II) -?D 


2 
E, 
No orbital contribution 


Hence, higher value of Herr = Bs (1 — =) 


102) a 
In halogen molecules, the 7*— e*transitions are responsible for their colours as evident from the 
following figure 


AUS 


103) a 
The-donor ligands.süch as Cl’, Br, T, N-bonded NCS etc stabilize the TBP intermediate and favour the 
stereochemical change. The trans-forms tendency to isomerise in the order 
A = NO; «€T < NCS «OH 


104) d 
According to Nephelauxetic series 
F> H20 > NH; > en> NCS > CI CN `> Br 
The highest value of is for F 
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105) a 
The ?E, — Aag transition in the electronic spectrum of [Cr(NH3)s] ? occurs nearly at 650 nm. 


106) c 
[Cr(NH3)g] " 
Ce'* — 4f? > No f-f Transition 
No unpaired electrons. 
It is diamagnetic and its colour is due to LMCT. Its C.N. = 10 


107) c 
[FeO,] * — Jahn-Teller distorted away from the ideal tetrahedral towards a flatferred structure 


ee AAHH 


it is paramagnetic due to unpaired electron D24 symmetry 


108) b 
[Mn(H;09)] ? — H50 is a weak ligand, No pairing occurs. 
NER 
33 «1 AUS 
Sz5, 28+1=6 
S=5/2 , 2S+1=6 
L=0— S Term 
Ground state term — ^S 


Cr? = 

L= 3—F Term 

S= 3/2 ; 2S+1=2x3/2+1=4 
Ground state term— ^F 
Cu? =g? 
L-YMi-29D 

S=1/2 , 2S+1=2 

Ground state tetm — ?D 


109) b 
[CoCI(NH3)s] ? + OH S[Co(NH34(NH2)CI] *! +H2O 


[Co(NHs)uNHa) CI] * 155-3 CONH) Na]? cr 


[Co(NH3) (INH7)] ? *OH' — [Co(NH3)s0H]” 


110) b 
( ) J/k&1XE22f)]  vV5x4x10 x2x10 xA 10* = 2.0x10" 


111) a 
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Fischer carbene carbon is electrophilic in nature due to strong n- acceptor ligands 


112) a 
The arrangements for [ 17, J! [36u] configurations are 


| e| 


S= 1, 2S+1=3 
L-1— aTerm 
Spectroscopic Term = ^x 


(ID m, A. Oy 
L5 

X2 —"g 

m, +l -1 


L=1— aTerm 

S=0, 2S+1= 1 

Spectroscopic Term — 'S 

Thus one of possible moleculer term syfbòhis 'x 


113) a 
In CdS, HgS and Bil; colour'is'due-to.LMCT as Cd? and Hg? has d"? configuration. Hence, no d-d 
transition. Also, no MLCT as ligand is not n -acceptor. 


114) a 
Change in CFSE on going for Ohrtó five coordinate intermediate for ions is as follows. 
V? (d) = -200 
Cr? (d) 2 -2.00 
Ni? (d5y2.-2.00 


115) a 
NR  Dithiocarbamate 
OR  Xanthate 
O — Dithiocarbonate 
SR — Thioxanthate 
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For Cu? — Term is 7D , hence, a = 2 , A =-625 cm’! 
T gm de ede) pru. ed 
pew = 1.73 (1 )=1.73 (1 pe j 


173 (1+ a) = 1.73{1+ 0.078} = 1.73{1.078} = 1.864 
Lert = 1.864 


117) a 
As the strength of ligand increases energy for d-d transition increases. 
Strength of ligand order is F< ox? < en. Option A is correct . 
All complex have same number of unpaired electron. Hence, all have same spin only magnetic moment. 
Option B is correct . 
[Cr(ox)]^ and [Cr(en)3]* will show optical isomer. As t», level is electronically non-degenerate. 
Hence, there will be no Jahn-Teller distortion. Option D is incorrect . 


118) a 

Thus, order for energy absorption is 675 (A) < 615 (B) < 5654©) 

Ao increases as the ligand field strength increases H20 < NHg< en 
Complementary colour of blue — Orange , green Red, Violet Yellow 
Energy order for absorbed light is yellow > orange > red 
Thus, A absorbs red hence it is green 
B absorbs orange hence it is blue 
C absorbs yellow hence it is violet 


— e 


119) d | 
(A) [TIF]? — —— By 
Ti > 3d? 4s” l unpaired electron 


Ti? 3d! 4s? on Ce eg 
kd A be 


3 unpaired electron 


(B) [CrF4? { | d, 
Cr= 3d^ 4s' —— — bs 
Cr? = 3d! us? 4 unpaired electron 


ONE tty 


4 unpaired electron 
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| Coordination Chemistry 


m e. 
(C) [MnF4]? 

Mn = 3d? 4s” d! 

Mn? =3d* | 


— —— ty 


] unpaired electron 


a 


bs 


3 unpaired electron 


(D) [CoFg]? 


Co=3d 4s” ; 
Co? =3d° 4s? d i | | 
— uá— 55 
4 unpaired electron 
d$ 
Et. 
H A<B<Cx D 4 unpaired electron 
ence, x 
120) a 


K-CuF6= 3K* [CuF;]?-oxidation state-of Cu” = 3d? 
Thus, Cu? (Oh) „d° 


KCuL» oxidation state of €u = L+ x - 4 = 0 => x=4+3 


Cu? ( dÊ) 
^ H H f = 
P N P rR 

Kt HN 


NH 
\ " N. / 
Áo Nd S 
O H H O 
Hence, square planar low spin 


121) a 
Mechanism of base hydrolysis can be given as 
[CoCI(NH3);] ? + OH —[Co(NH;)4(NH2)C1] *! -H;O 
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[Co(NH3)4(NH,)CI] *! 22-5" [Co(NH3) 4(NH,)]? + Cr 
[Co(NH3) 4(NH2)] ? *OH' — [Co(NH3)sOH] ? 


Phó Pd Ph a LT "n 
YN SCN NCS 
NCS SCN 
Small P-Pd-P angle, less Increase in P-Pd-P angle.increase in steric hindrance. No 
ctacin hindeanca affantiva affantiua æ handing feam the P atom. the S atom of SCN- 
Ph | but due to steric hindrance SCN^ 
Ph Nl \ E. 
mC NY 
FUN id ^i 
Ph Ph Pd 
N sen” ^N 
SCN NCS 


ince . Nopeffective x bonding from the P atom , the S 


igle, e "— in itenim angle.increase in steric — No terit ifidral e SCN” binds through N atom. 
effective sd SS no " s "mof SCN- 
ling ance SCN^ 
Ng 89° Les 
"d N 
h XY Nph 
Fa” 
SCN NCS 


P-Pd-P bond angle, further increase °2rease in size of chelate ring and hence steric hindrance increases . 
with increase in size of chelate ring and ym, the S atom of SCN ligand can form m bond but steric 
hence steric hindrance increases. No effective 
x bonding from P, the S atom of SCN” can 
form the x bond but steric hindrance favours 
the Pd-N bonding 
Eór d" (high spin),thére is one spin allowed transition from Ty >" Eg 
In case of df low spin commonly two spin allowed transitions are observed. 
Mig > Tig 
A> Tog 
there are additional spin allowed transitions at higher energy but they are marked by allowed transitions. 
Hence, are not observed 


124) b 
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In I3 there is interaction between 6* a of I, and non-bonding electron of I’. In case propanone and Br» 
there in interaction between 6* of Br; and non-bonding electron of propanone. Thus, both I, and Br» 
behave as acid. 


125) c 
Spin-orbit coupling is larger for the heavier atoms (Inner transition) and very small for lighter atoms. 


126) c 
Co” (high spin) > 3d’ 4s? 


1 2 


12 +1 0 


S=1/24+1/2+1/2=3/2 

L-442-0-1-2 

L-3 

Degeneracy for d-orbital = (28+1)(2L+1)=(2x3/2+1)(2x3+1)=4x7=28 


127) b 


No. of unpaired electron = 2 
u, = 2.9 B.M. 


muuuy i No orbital contribution 


24 
Ni (3d?) 


t2 No. of unpaired electron = 2 
2+ 
Ni (Td) u, 7 4.1 B.M. 


Min. 


High value (4.1 B.M.) is due to uspint orbital contribution because t» is electronically degenerate 


128) c 
CrO4? 

Cr $ 2.349 45^ 
O°? —2s’2p° 
MoO0;? 

Mo'6 5 4d? 5s? 
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In both Cr' and Mo” ions, there is no d-electrons, therefore, there is no d-d transition, since in both the 
ions. oxidation state is very high, there is LMCT in both cases. The energy gap between 2p* (O?) and 
3d" (Cr ^5) is less than that between 2p° (O°) and 4d? (Mo ^). Thus, LMCT energy 

in CrO4? is less (high Amax) than that of MoO,” (low max). 


129) c 
Is! 2s! 
[1] 
S=1/2+1/2=1 


2S+1= 2x1+1=3 
J=|I+s|...|I - s| = |1-0]...]1-0| = 
1-0 — S (term) 
?s 
1 


130) c 
Electronic configuration of Cr =3d 4s 
Electronic configuration of Cr? = 3d" 
Electronic configuration of V? =3d° 
(A) Because of high nuclear charge of Cr is greater than that of V, Cr has higher. This ionization energy 
than V. Hence, Cr” is not easier to oxidizedahan V * in/gas phase. Thus, option (a) is incorrect. 
(B) C? (ag) > [Cr(H20)¢ ] ? —[Cr(H;QÉ? te" 


ge^ Ro 


(i) less CFSE Morc CFSE 
less stable more clectron 


(i) one electron in eg has high 
energy and high energy and a” 
can easily be resolved S 


awug Y WY ty uv ee er tga 


Thus, Cr? (ag)is more ofr reducing agent than V” (aq) 


log p" 


More CFSE T CI ie» belongs to class1 metals and V belongs to class 3 
more stable ess stable ‘aster than V? (aq) 


131) d 
(I) [F(CN)s]? + [Co(CN);]? — [(NC)sFe-CN-Co(CN)s]° 


electron Te 


R > [Fe(CN)4" + [Co(CN)s(OH)]? 
(Inner sphere mechanism) 
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(II) [Co(bipy);] ^ + [Co(bipy);]^ — [Co(bipy)s] ^ *[Co(bipy)] 
(outer sphere mechanism) 

42 42 H,O ni I "m electron transfer 
(LI) [Co(NH3)F] ^ + [Cr(H20);] -------- > [(H3N);Co"-F-Cr(OH;)]]^ ----------- i 
[(HsN)sCo"-F-CI"(OHs)s] ——- [Co (NH)(0H);] ^ + [C(OH;)SF] " 

(Inner sphere mechanism) 

Marcus equation is applicable only for cross-outer sphere reactions. 
(B) is a self exchange reaction, its rate of electron transfer can be calculated experimentally. 
No need to apply marcus equation. 
(Reference basic inorganic chemistry by F.Albert Cotton, G Wilkinson and Paul l.Galls) third eddition. 
In this question only (d) statement is correct. 


132) c 

For allowed transition : a)Spin multiplicity should be same or AS — 0 
b) AL=0,+ „for allowed transition 

Therefore (4) is not allowed as AL z 0, + 1 

c) u — g (allowed) 

g— g (not allowed) 

Therefore (1, 2) are not allowed 

[+ — -] — forbidden so, therefore (1, 2) are not allowed 

[+ — +] — allowed 


133) b 
NO, I, Cu? and VO? is paramagnetic. Hence, EPR active where as I; is diamagnetic and EPR 
inactive. 


134) c 
[Co(NCSNH3)]? -HFe(IbONZ ------>> [(HN)Co-SCN-Fe(EbOA] SEAE 
[(HN)sCo-SCN-Fe(H30)s] 4-59 [Fe(SCN)(H3O)s] ^ *[Co(NHs)s(H20)] ? 


Intermediate 


5H40° 
[Co(NH:)«(H4Ó)]? ----"4-*-->/ [Co(H20)s]? *5NH4* 
[Fe(SCN)(H;0);] --H50 > [Fe(H50)5] ^ *SCN 
Intermediate 


135) a 


136) a 
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For strong J ahn- Teller distortion e, orbital must be assymetrical filled. 
Pie cat we DS 


137) a 
The correct order of intensity of d-d transitions in the complexes follows order 
cis-[M(H20)4Cl] > trans-[M(H20)4Cl] > [M(H20)4]? 


Afi 


d 


ech 


p^ 


NH, N 
98% 
A 73 ~AN MO 
BN. | NH «on lma NH2 | ^N 
P 4 aT l4 Co’ 
| E N T di N gu Nou 
cl H, Cl NH Y jo N NI 
(b) am 
aN 
| „NH2 
ps 
N in NH; 
? 85% 


A react faster than B and B result in a mixture of product 


139) b 
As the oxidation state inereases and size of central decreases ligand exchange rate decreases. 


140) a 
Electron.transfer reaetions by self-exchange electron transfer is fast when HOMO is 2* and LUMO is 
also zx* i.e. electron transfer is from a x *of reductant to the x* of oxidant. 

(aM4RuQNH3)g]? +4 [Ru(NH3)g] ^ > [Ru(NH3)s] ^ + [Ru(NH3)6]"” [ Reaction is fast] 

(n*)"(6*)" (n*) (e*) 

HOMO=(n*)° LUMO=(z*)° 
(b) [Co(NH3)s] ? -[Co(NH3)s] ^? > [Co(NH3)s] ^ -[Co(NH3)g] ? [Reaction is slow] 
TOGON (x*)°(6*)" 
HOMO=(x*)° LUMO=( 6*)° 
(c) [Cr(E5O)s]? + [Cr(H20)6]"? — [Cr(H50)s]? + [Cr(H20).]"? [Reaction is slow] 
(x*) (e*)' (x*) (e*)* 
HOMO» c*)! LUMO=( 6*)° 
(d) [Fe(H50)s] ? «[Fe(H50);] ? > [Fe(H50)4]? + [Fe(H20)s] ? [Reaction is fast] 
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(x*)"(6* (1*)°(6*)" 
HOMO=(x*)* LUMO=( 2*)° 
Both reactions (a) and (d) are fast but reaction (a) is much faster than (d) because there is small change 
in M-L bond length in reaction (a) i.e. less activation energy is required 


141) a 
Hg” (aq) + X (ag)  [HgX] (aq) à 
The stability constants for [HgX]' (aq) for X=F, Cl , Br follow the order: F < Cl < Br .Becaùse Hg” is 
soft acid and Br is soft base. 


142) c 
[Mn(H;0)g]? > bg eg : High spin complex 
In this complex, there is neither orbital contribution nor temperature independent paramagnétism (No L- 
S coupling) and a =0. Thus, pobserved = Uspin 
[Co(H20)s] ? isa low spin complex. 
Co”? 2 d ie. t), en” 


e a A4 


No unpaired electron. 
Therefore, it is diamagnetic in nature. 


143) c 
n —d' complex: i e, 
Ti ? complex exhibit one broad band dfe to 
(1) Vibronic coupling 
(11) Jahn-Teller distortion 
(iii) Spin-orbit coupling 
Co? — d' complex 
Exhibit three broad bands due to following transitions: 
"Tig "Tz, ; “Tie “Wags ‘Tis > PeP) 
Cr? —d? complex 
Exhibit three piod bang due tQ Tollowing transitions: 
"Aog >" T», ; , "Adeo ^Ti«F) ; ^ Aga — ^ Tig(P) 
eMn” complex—> d®\compléx exhibit a series of very weak (spin forbidden, Laporte forbidden and sharp 
bands): 
*Ni2—4d exhibit three broad bands due to following transitions: 
Hog => 3h. ; “Me = Tig (F); ? Aog EX : Ti,(P) 


144) b 
trans-LCoECK(en);]' — A (on hydrolysis) 
L= NO7, NCS, OH ,CT 
The tendency to form cis-isomer of the product (A) follows the order: 
L= NO7 «CI < NCS < OH 
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145) c 


Ir- 9e 

PPh3= 2e each 

CO- 2e 

NO (bent) = 1e (lets consider) 

9e + 4e° t2e + le +le -le = 16e 

Considering NO in bent form gives TVE = 16, thus a square pyramidal structure of complex gains 
stability with 16 e, So we can say NO present in bent mode 


= Q 0 


Ru= 8 e 

PPh3=2 e each 

Cl le 

NO(bent) = 1e 

NO(linear) = 3 e 

8e +4e + le + le +3e -Lef = 16e 

Considering one NO in bent form and another in linear gives TVE = 16, thus a square pyramidal 
structure of complex gains stabilitywwith 16 e, So we can say One NO preset in bent mode and other 
in linear mode . 


VQ m 
N, 

H3C; k^. vie -CH3 
NCC 
CNNeC C 
Bes. 

HIC Bors uu CHs 

8° /CHs^^N" Ha 
M 
C 
I 
S -i 
Co=9e 
AsR3=2 e each 
NCS=1 e 


NO(bent)=1 e 
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9e + 8e + le + le -le = 18e 
Considering NO in bent form gives TVE = 18, thus an octahedral structure of complex gains stability 
with 18e, So we can say NO present in bent mode 


Cr=6 e 
CN= 1 e (each) 
NO(linear) = 3 e 


6E + 5e + 3e F3e = 17e 

Considering NO in linear form gives TVE = 17, thus an octahedral structure of complex gains stability 
with 18e, So we can say NO present in linear form (17e species.iS considered quite stable as on 
putting NO as bent, we were just getting 15e, which would be too unstable) 


146) b 
An aqueous solution of Fe(III) ion (A) gives a blood-red colour on reaction with KSCN the blood red 
colour is due to formation of [Fe(SCN)(H;9);] ? (B). The colour may also used for the identification of 
Iron (III). This colour is destroyed by the'addition of F\ ion due to the formation of [FeF&]? (C). 


NaF 
[Fe(H5O)] ^* SCN’ — [Fe(SCN)(H3O)]*»--- ^ [FeFe]? i 
(A) (B) (C) 
Blood red colour colourles , d-d transition ,laporte 
Due to LMCT forbidden ,spin forbidden 
147) b 


In chlorophyll, visible absorption band arise from excitation of electron from the x- HOMO to z* 
LUMO, thus,'has maximum value of molar extinction coefficient value. 

[NiCl4]” is a tetrahedral comples, thus, p-d mixing will be there, hence, Laporte partially allowed and 
spin allówed transition. 

In [Cr(H;O)g] , d-d transition will be there. hence, Laporte forbidden and spin allowed transition. 

Ir [Mn(H350);]?-trafisition is both Laporte and spin forbidden. 

So, the order of molar extinction coefficient value is: 

Chlorophyll > [NiCL]? > [Cr(H50)s] ? > [Mn(H50)4]? 


148) b 


The base hydrolysis of [Co(py)4Ch] is independent OH of concentration because there is no protonic 
hydrogen in the complex. 


149) b 
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FeCr;O, has normal spinel structure thus, Fe ? occupy tetrahedral site. NiGa;O, has inverse spinel 
structure thus, Ni? occupy octahedral site. 


150) c 
cis-[Fe(phen); (NCS-N);] (A) complex at high temperature (300K) exists as high spin with four 
unpaired electrons but when temperature is decreased, there is sharp decrease in magnetic imoment at 
174 K and complex becomes low spin. This indicates that at 174K, complex (A) exists as both high spin 
and low spin. 
Thus, at 300K, complex A has four unpaired electrons. 
u 7 Vn(n4 2) = /4(6) = V24 = 4.89 BM 
Complex [Fe(phen);]Cl (B) at 300K is a low spin complex, thus have ie e," configuration ;hence no 
unpaired electron. 


yu 7 yn(n-4 2) = 0(0 + 2) =0 BM 


151) c 
In [IrBrs]?^ oxidation state of Ir is +4 and Ir™ is low spin. octahedral complex with the electronic 
configuration: 


EF 


Ir (545) 
LS m 
bog 


There are two charge transfer bands and their origin are ligand— metal (6 —t», and 6 e, ) 
as shown in the figure. 


6p o*-MOs character 
Uu of metal orbital 


Non-bonding MOs 


dg + tiu ey 


EIET, 
Metal of LGOs 
art) LGOs 


[IrBr, p? 


Other transitions-are of high energy and do not observed. 


152) c 
[*Co(NH3e]? + —— [Co(NH3)s]^ — [*Co(NH3)g] ^  [Co(NH3)g] ? 
High spin low spin 
bg eg tog 6 eg? 
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Labile Inert 
Co- NH; Co- NH; Bond length = 193.6pm 
Bond length = 211.4pm 
The rate of electron transfer for the reaction is very slow (second order rate constant =10 ® L mol''s?) 
because of following reason : 
* Low spin [Co(NH3)s] ? (configuration tog a eg’) has all the metal -electrons pointing in between the 
ligands whereas, high spin [*Co(NH3)g] " (configuration tog eg ) has two eg electrons pointing directly 
at the ligands. The electrons present in e, orbitals cause more repulsion with ligands than that. of t», 
electrons. Thus, M-L bond lengths in both complexes are different enough and more.activation energy is 
needed to make them the same in transition state . 
Also, no simple addition or removal of an electron can convert these configuration into one another. 
Thus, it is necessary to excite the oxidation states before the reaction can occur, aS shown below: 
UT PE 6, 1, Ow te Bd Él then 8 

Co (tag €g ) EE (tog €g ) SUPE (to, €g ) — (tog eg ) Co 

(electronic transition) 
134 6,0 5 q. HO 6,1 5 ES. 
Co" (bg eg ) 9 (by eg) nage. (tg e, ) — (bg €g ) Co 
(electronic transition) 


153) b 
Geometrical isomers for complex [RhH (CCR);(PMe;);] are 
Me3P Me3P Me3P 
MesPR. | „CECR MesP, | „CECR Mes. | „H 
Rh Rh 
H^ | ~C=CR RC=C~ |®H Me4P^ | ~C=CR 
PMes PMe3 C=CR 
154) d 


Solutions of b, in donor solvents.such as pyridine, ethers, ketones, alcohol are brown or yellow due to 
formation of a chargeytransfer complex, Acetone or ethanol and similar compounds donate electron 
density through a c lone pair to the 6* -orbital of iodine. 


155) b 
In the complexes, [Fe(bpy);] ^, [Ru(bpy);] ? and [Fe(phen);] ^ , ligands bpy and phen have empty n* 
orbitals, thus, band in electronic spectra is due to metal to ligand charge transfer (MLCT). Whereas, the 
other complexesie/[FeCl4]" (220 nm), [FeBr4]^ (244 nm), [ReO;] (227 nm) and [TcO4] (286 nm) 
show LMCT bands. 


156) b 


d"-electronic configuration: 
+2 +1 #0 -1 -2 


Atay | 
L=2+1+0 = 3 i.e. ‘F’ 
S=3 x 1/2 =3/2 
2841 -2x 3241-4 
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J = less than half filled= L-S= 3-3/2 = 3/2 
Thus, ground state term is = "L; = ^F; 


15) œ 

H20 lect t fer- 

[Co (NEG) CIT 4e [CrON T > [NBC cL)" —— S 
Inert Labile 


J 
[(NH3)sCo" -CI- Cr (H50);]* 
Labile Inert 


l 
[Co(NH3)s] ? + [Co(H50)sCI]? 
5H;O B) 
[Co(NH3)s] ? +H20 — [Co(NH3);(H20)]}? ig [Co(H?2O)s] ? -5NH4* 


ET 


158) d 
In [Cr(en);]? , which is an octahedral complex, three spin allowed electronic transitions are 
observed. 


Ligand field strength + 
Trans-[Cr(en);F;]' is a tetragonal complex. Therefore, there is splitting of ^ Tog : "Tig and ur (P) states. 
^A», term does not split. Thus, 6 electronic transitions are observed. 


T0) 


T 


159) a 
The value of magnetic moment will be independent of temperature for [Fe(acac) 3] because this complex 
is high spin with electronic configuration and the promotion of electron from t», to e, or e, to t», is spin 
forbidden with variation of temperature. Also, the high spin [Fe(acac)3] has ground state ^A jg and it has 
no excited states of the same spin multiplicity as that of the ground state. 
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160) b 
Solid Thiourea 
KNO; in dil. AcOH --------- > N> gas 1 + SCN’ + H,O 
(P) L dil FeCl; 
[Hg(SCN)4]" aa teen [Fe(H20)«(SCN)] 
solution 
Colourless (R) Blood red (Q) 
161) d 


Ny E 6 Gist 6^, 6 25* T ox = Tapy 6p 
6.5, = gerade 

A-70ie.X 

S=% 

2S+1 =2 x 1/2+1=2 

As 6p orbital is symmetric, (+) is used. 
Thus, term symbol of Nz”, is Azu = ^Y; 


162) c 
In the formation of NaCl, a very large second stage ionization energy is required as Na’ already attain 
nearest noble gas configuration thus, the calculated heatof formation ( AH;) will be positive due to high 
value of LE» of Na. 
Ca shows +2 as stable oxidation state but 1t can release only a single electron easily (though it is less 
stable than Ca”). Thus, the calculated heat of formation (AH;) will be negative for CaF. 


163) Correct option (b) 

Steric hindrance favours dissociative substitution in octahedral complexes, hence statement (1) 1s correct 
Higher charge on metal wilbnot allow dissociation of existing ligand and will not favour acceptance of 
electron pair of entering ligands, hence statement (2) is incorrect 

During dissociative substitution reaction a penta coordinated intermediate is observed, hence statement 
(3) is also;correct. 

Nature.óf entering ligand does not influence the reaction much, hence statement (4) is incorrect. 


164.) Correct option (b) 
b b 


PAS ZN 


Optically active 
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165.) Correct option (a) 

Oxidation state of metals in VO, , CrO%* and MnO? are V(+5), Cr(+6) and Mn(+7) respectively, 
Since, Aj4ax X Oxidation State of metal 

Thus preferred order will be, VO? < Cros* < MnO? 


As AAAAA decreases on going down the group, 
thus preferred order will be WOS* < Mo0$* < cro 


166.) Correct option (b) 


Dlaatean tene ce haben f ve UA aint nnd et d cepted PA an Lese mah Inner Sphere electron 


—— eg — eg 


Cra Gre 


----tg ————tg 
ı LUMO of Cr+3 (eg 
elus ccc ci LIS correct. 


A eov Aog v AA vA A LARA ~ 


Statement B is correct as it involves large inner-sphere reorganization energy. 
Statement C is incorrect as M-L bond lengths changes while.inner-sphere electron transfer mechanism. 
Rate of self-exchange electron transfer is always slow than cross-exchange electron transfer mechanism. 


167.) Correct option (d) 
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\CO 
OC——Mu" 
“SCO 
CO 


axial-M(CO),L 
Point group Cy 
Number of IR Bands = 3 


L 


LI, | atc 
ae | “SCO 


CO 


fac-ML4(CO), 
Point group C3y 


Number of IR Bands = 2 


equitoial-M(CO),L 
Point group Coy 
Number of IR Bands = 4 


L 
Ln, | Aw CO 
Oc» | v 
CO 


mer-ML4(CO), 
Point group Coy 


Number of IR Bands = 3 


| Coordination Chemistry 


l; When point group is C3y then number of IR bands will be N-1, where N is number of CO 


2. When point group is Coy then number of IR bands will be N, where N is number of CO 


SHORT TRICK: 
ligands 
ligands 

168.) Correct option (b) 
+2 +1 0 


elii d 


Ground.State term symbol will be 


Ym =+2* 1+0 #3 , thus term will be F 


spin multiplicitsZS + 1 = 2x - +1=4 
Thus overall ground state term = ^F 


Now, according to Orgel diagram for d? system 
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Complex Ion Free Ion 
*T, (P) 
*T, CF) 
*T re! F) P 
4 
F T, 
Ta 
4 

A, 

4 * 
Ax vl u 


169.) Correct option (d) 

Point Group of Trigonal bipyramidal geometry is Dzn, as it has C3 prineiple axis of rotation and 3C; axes 
perpendicular to principle axis, also there is a horizontal plane. 

The order of energies of d-orbitals for TBP geometry will be dzz>sdx2-y2, dxy > dxz, dyz 


Á 
rA d? 
"d 
Á 
/ 
Á 
Fé 
Energy / 
/ 
V- 
b nl we RE — —l 
v dy d 2:2 
N y Ux-y 
N 
— 


Trigonal bipyramidal 
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UANT 2 


I N T 


Organometallic Compounds 


Hints & Solutions 


1. Correct answer: (d) 


Oxidation of metal is easier for electron rich systems, so electron rich metals undergo oxidative addition and as reduc- 


tion is easier for electron-deficient metal, so it undergoes reductive elimination. 


2. Correct answer (c) 
This is correct stability order because Ti(CH, Ph), has no p -hydrogen..Hence no p -elimination and 
compound is stable whereas in Ti(i-Pr), has max no of B -hydrogens followed by TiEt, and TiMe,. So 


Ti(i-Pr), undergoes fast p -elimination hence least stable. 
Ti(i-Pr), < TiBt, < TiMe, < Ti(CH,Ph), 


3. Correct answer: (b) 


Compound Number of electron in outer shell of 
central atom 
(n°-CsHs)2 Fe 18 
(n°-CsHs)2G0 19 
(n°-CsHs)2Ru 18 
(n°-CsHs)2Co* 18 
5 5 + 


Oxidation (loss of electrons) of (n?-C.H,),, Co to (n°-C.H.), Co* gives an 18 
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electron compound, (more stable) therefore easy to oxidise. 
4. Correct answer: (a) 


W(CH3)s having 6 6-bond with metal . 


CH3 
HaC, | Hs E 

W. 

| "cu Fe +1CI -] 
H3C CH3 3 | K | 


| 
Ru 
Cl 
WESS O O 


5. Correct answer: (c) 
Nit 4CO —Ni(CO)4 
Fe+5CO— Fe(CO); 


Both Ni and Fe reacts directly with CO to give carbonyl compounds. 


6. Correct answer: (d) 


Electron cluster HoRu&(CO),s displays a distorted octahedral metal geometry. 


Here each hydride ligand is connected to 3-Ru atoms. 


7. Correct answer: (a) 


During hydroformylation the intermediate CH3-CH25-CH;-Co(CO)A gets transformed to acyl intermediate 
CH3;CH;CH; -COCo(CO)3 
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8. Correct answer: (a) 


Ziegler-Natta catalyst is TiCl4, Al(C2Hs)3 


9. Correct answer is (b). 

M=\V, x=6, z=1 

i.e. [TV(COX]! =5+2x6+1=18 

10. Correct answer is (d). 

Because main group element follows octet rule. 
[Be(n'-CsHs) (n"-CsHs)] 

2+5+1=8 


11. Correct answer is (a) 
12. Correct answer is (d). 
[CpFe(CO)(NO)]; 
Step-1: Determine the total valence electton (TVE) = A 
A=[5+8+2+3]x2=[18]x2=36 
Step-2: B=(18n —A) where n number of metal. 
B (2x18)-36 =36-36=0 
No metal-metal bond found. 
[CpMo(CO)3]2 
Step-1: A [5+6+2x3] x2=[17]x2=34 
Step-2: B2 (18n-A)-2x18-34 = 36-34 = 2 
Step-3: B/2 gives.thé total number of M-M bonds in the complex B =2/2=1 


In this complex, the total number of M-M bonds is one 


13. Correct answer is (a). 
Order of donor ability NMe3 > NH3> pyridine 
Order of CO stretching frequency pyridine > NH; > NMe3 
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14. Correct answer is (a). 


Option A is Ruthenium(II) carbenoid complexes, also known as Grubb’s Catalysts, they are widely used 
for olefin methathesis. 


15. Correct answer is (b). 


Compound A does not have any p hydrogen, hence B-hydride elimination is notossible in compound 
A, whereas compound B will undergo p-hydride elimination as follows 


HC B hydrogen " 
3 . . . 

elimination 3 
Aele — ——À- Ti—H + No=chy 


H3C d H3C 


16. Correct answer is (a). 


'H-NMR giving one signal at 5.0ppm indicates presenceof q^ -€p ring, another one signal at 2.5ppm 
indicates presence of CH; group. IR band at 1680cm “indicates presence of ketone (C=O) group. Thus 


the appropriate structure of molecule. 


17. Correct answer is (b). 
Ni(CO) © Totakvalence electron around Ni 10+ 4x2-18 electron 


Substitution reactions at coordinatively saturated tetrahedral complexes with a 18 electron count like 
Ni(CO)-; or NCO)2(PR3) follows a simple first order kinetics. 


CO CO CO 
| CO | PMe, | 
PL low s ac m P o 
SIOW 
co^ | "oc CO oc fast RaP | ^oc 
OC OC 
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Since rate does not depend upon the concentration and nature of the ligand suggesting a dissociative 
mechanism. 


18. Correct answer is (b) 


In [W04] ? , [MoO,] 7, [ReO4] ? [CrO,] "all the metals have same oxidation state but Cr’® is of 
smallest size. Therefore it has strongest tendency to attract electrons. Therefore strongest oxidizing 
agent. 


19. Correct answer is (a). 


Since in product metal Ir is present in the higher oxidation state. So, there is less back bonding to orbital 
of CO. 


34. | Phy a Pe, T cl 
VERLO 
^. Á 
oc Ne oc GN PPh; 


Since in product metal Ir is present in the higher oxidation state. So. there is less back bonding to 
Weaker the CO bond 


ay, Nae, 


GNE S 


(strong back 


bonding) 


Strong the CO bond 


Ora [o 


Fi S 7 c= x 
weak back bonding 


Hence, © (€O) product > v (CO) reactant 


20. Correct option (b) 


Triplet of carbonyl carbon indicates the each CO is attached with chemically equivalent two Rh atoms 
that means uz-CO complex. Actual structure is 
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21. Corret answer is (b) 

[Os3(CO) 1] 

Step-1: Calculate T.V.E. (total valency electron) 
8x3 + 2x12 = 48 


Step-II: Polyhedral electron count 


T.V.E - (nx12) = 48-36-12 n=number of the metal atom 
Step-III: =P.E.C./2=12/2 =6 = (n3) =Archano. 


22. Correct answer is (d). 


[5] 
Me CS 9 
OC [c co || 
7 jian 0e. | oe 
[Mn(CO)] + MeLi —— oc LN — Mn 
Fá | co oc^ | “co 
oc’ Co co 


23. Correct answer is (b). 


Because metal carbonyls are stronger bond , to break this bond huge amount of energy are required. But 
metal-retal bonds are weaker bond. So, reaction is endothermic and enthalpy predominant and entropy 
unfavourable. 


24. Correct answer is (d). 
[Qm -CsHs )RuCI(CO)(PPh;)] 
T.V.E = 5-8-14242-18e 
[W(CO)s(SiMe3)(CD(NCMe);] 
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T.V.E= 6+ 6+1+1+ 2x2 -18e 
[IrCl;(PPh3),(AsPh,)]" 
T.V.E- 9+ 3 +4+1+ 1 =18e" 
[Os(N)Br(PMe3(NMej] 
T.V.E- 8+ 5 42414 1 -17e 


25. Correct answer is (c) 


Q. Q 


Ni Stable complex 


Q i 


20 € 18e^ 


26. Correct option (a) 


„OCh; 


N Ph 


(OC MEC 


ELECTRON COUNT = 2x5 *MZ2 =18 
M = 18-12 =6 
So, M = Cr, Ré*. 


27. Correct answer is (a). 


As the z-aecepting abilities of phosphine increases vc. o stretching frequency of the complex increases. 
So, the order of n-accepting abilities among the given phosphine is: 


PF; »PCl5 > PCIPh; > PMe; 
i.e. A>B>C>D. 
So, the correct combination for vc. o stretching is: 


A—2090 
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B— 2040 
C— 1977 
D 1945 


28. Correct answer is (a) 


The structure of cluster [Co3(CH)(CO)o] 


co 
oc.. | ^ c0 
ii 
oc : co 
oe, 
meee, OY — "Co-——C 
OC H b 


So, the number of M-M bond = 3 and bridging ligand-1 CH 


29. Correct answer is (a) 


Q i 
A all SH proton gives on signal in 
Mo 
P \ co 
CO H H 


IH NMR at 5.48 


H3C 
"NH 


H3C 
Since, the molécule is ©2-symmetric. So, two CO's will give two absorption band in IR spectrum. 
30. Correct answer is (b) 


(Rh(COyE]' — Hydroformylation. 
[Pd(PPh3)4] Heck coupling (It is a catalyst for Heck coupling) 
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OX! 


Ru. 


T " 
S—~N NH — Asymmetry hydrogen transfer. 


31. Correct answer is (a). 


Step (A) is O.A. because the oxidation state of the metal is increased by two units. 


Ph 


L,pd(o) —Ph! > LPa 


a 
+2 


Step(B) is transmetallation because the ligand is transferring from one metal to another metal. Step(C) is 
reductive elimination because the oxidation state of the metal is increased by two units 


+ LjPd(0) 


+2 


32. Correct answer is (d) 

(a)[Rh(CO);b[ —16e. and a better coordinate for O.A. 

(b) [Ir(PPh3)2(CO)Cl] —16e species (Vaska's complex) O.A. is possible. 

(c) [(q2-CpRu(CO),] —166 system O.A. is not possible because metal in high oxidation state. 


(d) [m5 -Cp? Ti(Me)CI] —18e' species as such O.A. is not possible but after the dissociation of ligand 
‘€O’, OM, is possible. 


33. Correct answer is (b). 
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18 electron species in excess PPh; it becomes 20 electron species but the active catalystis 16 electron 
species. So, in presence of excess PPh; the rate of hydroformylation will be decreases: 


34. Correct answer is (a). 


Since SnCl, will behaves as a carbene and it insert into the M-M bond. So, it is a kind of insertion 


reaction. 
CI 
nCl, 
(OC)4Co Co(CO), — ion Co(CO)4——Sn Co(CO), 
CI 
Re(CO); CH3 
H3C. 
——— Re(CO)s—sp Re(CO)s 
Sn Metathesis 
E^, CH 
H3C CI 3 
© 
Re(CO); 


35. Correct answer is (c). 


In Metal-Olefin interaction, the extent of increase in metal — Olefin z-back donation would strengthen 
the Metal-Olefin bond which produces a increase in C — C bond length and somewhat single bond 
character which results a Change in hybridisation from sp? to sp?. 


sp” S 


36. Correct answer is (c). 
[m7- tropylium)Mo(CO) 3] 


In zero oxidation state of Mo, complex have 18 e"! (stable) 
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7 +6+6 -1 = 18 
tropylium is a 7e- donor ligand in neutral method and +1 oxidation state 
oxidation state of Mo = +1+x +0 = +1 


x= 0 


37. Correct answer is (d) 


The above reaction is an example of 1,1-migratory insertion 


CH3 CH3 
OC Lc o=c~ 
FAO 
Mn insertion. OC—Mn . *CO . oc—MmMn—co 
^ | ^ | d 
OC Nen OC co Oc co 


Insertion reaction 


38. Correct Answer (C) 


Since MeTiCl; have no electrons for back'donation with n-accepting ligands like PMe3 and CO, 
therefore, It reacts in order NMe3 > PMe3>CO 


Me. 4 a 


Baie 
D 
c^ ca 
Now, in (CO), Mo(thf); Mo have.sufficient e-s and vacant site to react with m-acceptor ligand. Thus, the 
order is CO».PMe; > NMe3 


a 

o co 

Mo 

oc~ | ^co 
co 


CN 
Pd 


39. Correct answer is (c) 
Total valency electron 12-18-30 (A) [(OPh) in bridging donate 3 electron] 
B = (nx18 - A) = 36-3076 


Metal-metal bond = B/2 = 6/273 Correct answer is (c) 
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40. Correct answer is (b) 


V [co 


Ir. 
co 
oc, " d Bw 


ocr ir = S AMET 
CAEN Lae Toig 


ADS CO 
OC Co 


A= TVE =60 
B (nx18) - TVE= 72 — 60= 12 


metal-metal bond= B/2 =12/2= 6 


41. Correct answer is (b) 


í 
; [ Re; Cl, (PMe;Ph), | 
A 5° C=M+L 


Js +1=2M-4 


2M =5 
Total valence electron = 14 —5 — 9 (~ 2M =2x7=14) 


M = Number of valence electron present in the metal 


RSFRT — VFW 


Bond order = £3.5 


42. Correct answer is (d) 


HCo(CO)4 ,HCo(CO);PBu; , HRh(CO)(PPh3)3 . These all are the catalyst for hydroformylation 
process; 


43. Correct. answer is (b) 


H;CoRus(CO);; = 3+9+8X3+12x2 = 60 electron 


44. Correct answer is (a) 
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[(H)Cosg (CO) ;5] has H encapsulated. l 
The image shows solid state structure of HCo¢(CO)\s, 


using neutron diffraction technique. The blue 
spheres are Ço molecules, white spheres are CO ligands 


S 


olid State Solution 
45. COrrect answer IS (da) 


Due to increase in size of Ir, compared to Co, the Metal-Metal.bond length also increases, thus the 
ability to form bridge carbonyl decreases with increase in M-M bond 


O. € 0 
OC ^O C C 
SN J^ Sir? 
pd N / A 
oc hi Oc co 
Nem [ewe m ( O zir Ir-Co 
OC di NS "A € TT So 
ome ico of O 
O \ C 
CO (©) 
No of bridging CO= 3 No of bridging CO = 0 
No of Terminal CO=9 No of terminal CO =12 


46. Correct answer is (d) 
Explanation: 


The electrophilie.attáck of Ph3C on the given compound, results in removal of one Methyl group from 
CDMe, ligand, thus forming an alkene. Since the reacting species is 18 electron compound, after 
reaction, the final product A is also an 18e species. 


Q . QT 
ina 


Fe CH, ——— 
OC . OC 
co d, D CO cH, 
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5+8+4+1 = 18 


47. Correct answer is (a) 


CH4-1-5e 

Co(CO),— 9+6=15e CH e------ 2 Co(CO); 
But, CH25442-6e 

Ni(CO); 510-4-14e not isolobal 


48. Correct answer is (c) 


In case of (c) the chances of conversion of heptacity from q^— a is more due to partial bond fixation. 
Others will not undergo change in heptacity, to retain their aromatic properties. 


49. Correct answer is (a) 


Ph; 
P. C 
L RC 
Rh 
a X 
(a) of o5 
Pho 


IR band at 1985,cm'! indicates tenminal CO. Both P atoms are non-equivalent. Each P atom will show 
doublet of doublet with (4prn arid 77, ). 


50. Correct answer is (b) 


RT 
106. Fe3(CO) 12 -----> [Fe(CO)4] 2 


8+8+2=18 electron 


[Fe(CO),4] ? is isoelectronic with Ni(CO)4 


51. Correct answer (b) 
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[(°-CsHs)(n'-CsHs)Fe(CO)> ] > [(1°-CsHs)(n°-CsHs)Fe] (at temp range = 221-298K) 


52. Correct answer is (c) 


Most commonly the metal in the complexes in their low oxidation state with d" or d" configüration 
undergo oxidative addition. 


53. Correct answer is (c) 


Oxidation state of Ni in complex [Ni2(CO) 4] * 


2- 
OC CO 
OC——Ni—Ni—CO 
OC CO 
2x+0 = -2 
x--2/2,x--l 
M-M bond =1 


54. Correct answer is (a) 
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55. Correct option (a) 

[Fes(CO) 15C)] 

Total valency electron= 8x5+ 15x2+4=74 
PEC=TEC- nx 12 

PEC =74-5 x 12= 74-60=14 

PEC/2 =14/2 =7 

7=n+2 


=5+2=(n+2) Nido where n=no. of metal in electron 


56. Correct answer is (a) 


H—C —— Rh ——C—H 
pM N 
gré \ H—C 
H | 
H 


[n"-CsH4Rh)(C;H4)5] at -20°C shows a typical AA' XX' pattern in the olefinic region due to free 
rotation of the ethylene ligand about the metal-olefin bond 


57. Correct answer is (c) 

Co(CO)5- 15 electron 

R2Si 6 electron ( not isolobal ) 
Mn(CO); 17 electron 


CH; 7 electron (not isolobal ) 
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Fe(CO), 16 electron 

O 6 electron (isolobal ) 
Mn(CO)s_ 17 electron 

RS 7 electron ( isolobal ) 


58. Correct answer is (c) 
[a -CcHs )Ru(y’-CoHo)] 

x=4,y=6 

[m ^-CsHs )Ru(y*-CoH)] 


Total electron 4+8+6 =18 electron. (Diamagnetic complex) 


59, Correct answer is (b) 


Ni(CO), + PPh; > [Ni(CO),(PPh;)] + CO 
(18e ) 
Since Ni(CO) 4 follows 18 electron rule? So, it follow substitution via dissociation mechanism i.e. 
Step-1: Ni(CO) 4 Ni(CO) 3 + CO (slow) 
(18e ) 
Step-2: Ni(CO) 3 +PPh; —Ni(CO) 3(PPhs) 
(16e ) 


So, the rate of réaction depends upon the concentration of Ni(CO) 4 only because this step is slowest 
step. 


60<Correct answers (b) 
H3C-CH= CH, + CO +H;  -«H3C-CH»;-CH;-CHO (butanal) 
in presencé-of-Co»(CO)s as a catalyst 


[| Hydroformylation.] 


61. Correct answer is (*), none of the given option is correct . 
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62. Correct answer is (b) 

Co4(CO) 12 

TVE =36+ 24 = 60 
PEC=TVE-(nx12)=60-48=12 
PEC/2=12/2 = 6 =4+2 (n+2=Nido) 


63. Correct answer is (a) 


Rh(PPh3) 3Cl is a Wilkinson catalyst in hydrogenation step one PPh; loss due to steric factor and form 
Rh (PPh3);CI 


PPh; | 
CI-Rh 
Ph 
Shape = T-shaped 


64. Correct answer is (a) 


Fe Fe F Fe 
‘N he P d ~ 
"d co o T i CO ee V gr TT s l 2 H 
(A) (B) 


So, in the(product (B) it shows two signals in 'H NMR one for 5H of Cp ring and one for Fe-H 


proton with intensity ratio 5: 1. 


65. Correct answer is (c) 


Cl Ph. CI ü 
PhP—-Ir-—PPh; + Hy ——— Be di 
> © wong DS 2 
Pho =" 
CO CO 
6 electron stable complex 18 electron stable complex 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organometallic Compounds 


16 electron stable complex 18 electron stable complex 


[IrCI(CO)(PPh3);] is a 16 electron complex called as Vaska complex. Only show oxidative addition in 
the presence of H; 


66. Correct answer is (a) 


oc-C'—co 
CO 


All given options are incorrect except (a) as there is ring current.disruption after formation of 
complex in [m S-C;H4)Cr(CO);] .The shift in 6 is attributed to this reason from-7.2 ppm to 4.5 almost . 


67. Correct answer is (b) 
The C,BoHy2 is carborane anion. 


C;B)H;;! follow wade rule as 


Cz BH 
] 44 
(4e) (4e) 


C;BSH;;! = (BHOBsHg! = B4H5BsHi7! = Buia" 
Now, Bu His" is equivalentto.B;H15 neutral borane which follows the formula B4H, * 
which is the general formula of'nidoborane. 


Bubs = ByHys= B,H;* z Nido. 


68. Correct answer is (d) 


Itis a kind of insertion reaction of M-H (metalhydride bond between CO) 
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69. Correct answer is (a) 

Complex (A) HM (CO); =1 + 7+ 10 =18 electron 

M-Mn [7 electron] 

1+ 7* 10 =18 electron 

Complex (B) [(n’-CsHs)M'(CO) 4] 2 
[(m-CsH3)Cr(CO);]; | M'=Cr=6 electron 
107121242 (M-M) bond = 36 electron. 


1H NMR = 4.10 ppm 


70. Correct option is (c) 
[Co(CO)3(NO)] NO in linear form donate G,electron.) 
pudo d 
9 + (2x3) +3= 18 electron 
[Ni(n?-Cp) (NO)] 
hou 
10+ 5+ 3 18 electron 


In both complexes NO donating three electron. So, NO is in linear form. 


71. Correct option is (a) 
[PdCL]?-C;2H4-H;20 CH3CHO+Pd+2HC1+2Cr 
Pd(II) Pd(0) 
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p^ oxidation "Ex 


Pd «2CuCl, +2Cl —>[Pdcl, f +2CuCl 


Pd[0] Cu(II) Pd(II) Cu(I) 
reduction —— — — — — —4^ 


2CuCl+1/2 O;*2HCI2CuCLl, + H2O 


72. Correct option is (b) 
73. Correct option is (a) 


The refluxing of RhCl3.3H,O with an excess of PPh;, in ethanol gives a.complex RhCKPPh3) 3 is 
Wilkinson catalyst and common method for preparation of RhCI(PPh3) 5 is refluxing of RhCI;.3H;0 
with PPh3.Moreover, on counting the total valence electrons, RhCI(PPh;) 3 = [9+3x2+1] = 16e. {Cl atom 
cannot be bridging, its contribution is 1}. Wilkinson catalyst is/T6e" species. 


E 
'Rh 
4 Ypph; 
PhsP 


It is a square planer 16-electron complex. Valence electron counting on rhodium metal centre. 


(1) there is no overall chargé on complex 

(11) there is one anionic ligand (CT) 

(iii) | Rh metal atom must-have +1 charge to compensate for the one negatively charged ligand. So, 
the oxidation state o£ Rh is +1. 


74. Correct option is (a) 
B-hydrogen elimination mechanism. 


Since C-H, o bond pair electron donate to the metal for this elimination. Therefore, as the donor ability 
of the o.électron pairncreases rate of B-elimination increases. 


In option D, the unit is anti-periplanar and thus B-H elimination not possible. 


For p hydride elimination reaction p hydrogen should be closer to metal in option B,C all hydrogen 
atoms are far so elimination not possible (sp? carbon) 


So, more facile p-elimination occur in option (a) 
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empty orbital 
N H 


tT 


M a 


_ agostic interaction 


M—H 


oou 8 
oP H,C==CH> 


Electron donor ability at a bond is C-H (sp?) > C-H (sp?) >C-H (sp) 


So, more facile p-elimination occur in option (a) 


75. Correct option is (a) 


The reaction follows SN, CB mechanism in which M-Y bond'is fully brokembefore M-X bond begins 
to form. 


Thus, Id mechanism is the most evidential mechanism. 


76. Correct option is (a) 
[BizHi?] > = [B4H4] 7 


Therefore, it is closo structure 


77. Correct option is (a) 
SbC13+3EtMgBr—SbEt~t3MegBrCl 
2SbEt3+SbI3—{ Sb(Et) Ia] y+ SbBt2I 


78. Correct option is (c) 


ff 
(PhsP)alr 5 
ps 


agostic interaction 
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Due to this agostic interaction C-H bond becomes weak and hydrogen flanked in between M and C.As 
proton come in contact with metal becomes shielded and upfield shift in 'H NMR. 


Since v « VK ,bond strength of C-H bond decreases, in IR spectrum shift to lower wave number. 


79. Correct option is (a) 
Suzuki coupling-Palladium catalyzed cross coupling between organoboranic acid and halides. 


Heck coupling-Palladium catalyzed C-C coupling between aryl halides or vinylhalides,and activated 
alkenes in the presence of a base. 


Sonogashira coupling-This coupling terminal alkynes with aryl or vinyl halides.is performed with a 
palladium catalyst, Cu(I) cocatalyst and amine base. 


Negeshi coupling-This reaction is the organic reaction of an organohalide with an organic-zinc 
compound Pd and Ni catalyst. 


80. Correct option is (a) 


Here, Cp is cyclopentadienyl ligand is one of the most common. and popular ligands in organometallic 
chemistry. 


© 
O 6 electron donor 
It is an anionic ligand that normially-coordinates in an q? mode as a 6 electron donor. 


Now, 18-electron rule apply on the.complexes 
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(A) | Mn(n' Cp)(CO), | 
Mn) d* (5 electron) 


Cp 6 electron . 
i1CO 6 electron 
Total ` 17 electron 


(B) | Os{n° -Cp), | 


Os (II) d* (6 electron) 
2Cp 12. electron 
Tai 0 — 07 77 708 deton V 
f 5 * 

(C) | Ru (Ww -¢ p), | : 
Ru (IT) d^ (6 electron) 
2Cp 12 electron 
Total — p “18 electron 


(D) | Fefn Cp), | 


Fe(II) 
2Cp 


Total — 


d^ (6 electron) 
12 electron 


18 electron 


[Mn(n°-Cp)(CO) 3] does not follow 18-electron rule, Sépthis complex is most deshielded compound 
when we are going 3d to 4d and 4d to 5d series in the transition element the shielding effect decrease 
because of the electron density or the distance between metal to ligand, increases. So, [Fe(q^-Cp);] is 
more shielded than other. 


Thus, the compound D is most shielded and compound A is most deshielded. 
81. Correct option is (b) 
[Rus(C)(CO)17] 
TEC =8x6+4+17x2 = 86 
PEC= 86 - 6x12.— 14 
PEC/2= 14/2 =7 
Therefore, 7=6+1=(n+1) closo 
[Oss(C)(CO):s] 
TEC- 8x5+4 +15x2 = 74 
PEC =74-12x5 


PEC = 74-60= 14/2 =7= (5+2)=(n+2) .Therefore, nido 
[Rus(C)(CO) 16] 
TEC= 8x5+4+16x2 
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TEC-76 
PEC =76-60=16 


PEC/2=16/2 =8= (5+3)=(n+3) Arachno 


82. Correct option is (a) 


| Organometallic Compounds 


For reductive elimination, the eliminating group should be electron releasing group andyalso.the 
eliminating product should be neutral.So, only Me group is electron releasing group among all the given 


option. 


83. Correct option is (C) 


P. 
I (1) s wee 
p MCH 


3 reductive elimination CH3 
x ic ^ 


CH3 


P CH RB. y P. 
he 3B elimination [ RE. ^x 
J C Ai 3 ie M+ CH, 
(2) \ p7 ja H P^ cu, p^ 
3 


CH, 
(3) ie I. 
cH, 


CH; 


P ; wi es: insertion 
4 Vw) —áÁÉ— 
B adi 3 insertion into 
H M-H bond 


difficult then 
M-H bond 


HaC 


~~ a 


gf Sing, 


unns 3t m UU 


» diis 


P 


P. EM CH; 
i B-elimination b + nd 


H3C 


All the products are possible but possibility of (4) is least as alkene doesnot undergo reductive 
elimination reaction easily as compare to alkane. 


84. Correct option is (d) 


alkynevean act as a 2 or 4electron donor . 


Step-1 (6 -bond formed) 
L(x) M(6) 


From filled acetylene 2 orbitals to empty metal d orbital 
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Step-2 (x -bond formed) 
M(z) L(z*) 
From filled metal d orbital to empty acetylene z* orbitals 


Correct option is (d) 
z” (empty) 
M 


c1 (filled) 


85. Correct option is (d) 
[W(n?-CsHs)(H-CI)(CO) 2] 2 

TVE(A)- (6+5+3+4)x2=36 

B = nx18-A = 2x18-36=0 

Hence, number of M-M= B/2=0/2 =0 


86. Correct option is (b) 


Q m itae O, 
Fe 49 F O 
adi | | "co HC “NF $ oc~ Ts 
d | ? | ica PMes Lor 
1 CHa ‘ 3 


Example of migratory insertion reaction in which alkyl g group ‘insert to CO. A new ligand create acycl a 
vaccancy is ereated which is occupied by new ligand. 


87. Correct option is (c) 
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al ba. H 
a 
Ha 


AK 
OC 
CO co 


H, = central proton 
H,= is anti with respect to Hc 
H= syn with respect to Hc 


Ha, Hs, He environment are different new intensity ratio 2: 2 :1. When allyl is non-fluxional. 


88. Correct option is (b) 

C;BH, C= BH 

(BH), BsH7 =B7H» = (B;H7)?, (closo) 
(BH, ?) 


89. Correct option is (a) 


Structure of Uranocene 


y = CgH,” 
C) Cyclooctatetraenide 
Hence, oxidation state of U=+4 


Thus in uranocene U is in +4 oxidation state and have cyclooctatetraenide ligand. 


90. Correct option is (a) 
[V (Co)6] —^[V(CO)s] (in presence of H3PO4) 


[Co(CO),] — [HCo(CO),] (in presence of H;PO4) 
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91. Correct option is (d) 
Number of electron involving in metal cluster = T.V.E - 12 
T.V.E in Ru(CO)3=8 + 6= 14 (T.V.E = total valence electron) 


Hence, number of electron provided for cluster bonding = 14-12=2 


92. Correct option is (d) 


pel. 9 


—————»- ——- 
N N _Mo ) ey 
oc” | ‘co oc | 9c / 
OC 


OC oc 
18 electron 16 electron therefore, n' allyl converted into n? allyl 
š intermediate 


On photolysis of Z first a 16 electron intermediate is formed which is option B, and for final product 
allyl attains maximum heptacity therefore q^ allyl is cofiverted «^ allyl which is option D 


93. Correct option is (a) 


Mechanism 


| 
(CO);Mn-Mn(CO); —2—»(CO)<Mal + CO —4—» (ocuMn T - 


S 
= Mn(CO), 
(A) 120°C lt a 


(B) 


(CO),Mnl(py) 
TUO 


94. Correct option is (a) 
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Terminal CO=2120-1850 cm! 


u? CO=1850-1750 cm” 


In this complex M-M bond order = 1 and two types of CO's terminal aswell as 


Veo band lies in both range. 


95. Correct option is (d) 


Explanation: 


= TVE-7»- 1172-18 electron 


TVe=5+77+4= 16 electron 


TVE=5+6+6=17 electron 


(D M TVE =5+5+8= 18 electron 
oc 7 \co 


OC CO 


96. Correct option is (c) 


| Organometallic Compounds 


? bridging. So, 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 


Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organometallic Compounds 


Explanation 
A + + 
VL ou © 
p-hydride | 
dA BH elimination a 
y UNE ut CH2 
RaP” H2C— CH, RP / Y 


97. Correct option is (d) 
B-H- 4e fragment isolobal fragment should have 14 electron. 


Cp + Co=5+9=14 e 


98. Correct option is (b) 

TVE- (9x2)- 8&2 4x11 + (4x2) 

TVE = 18+ 16+ 22+8 =64=A 

B=(n x18) -A = (4x18) — 64 - 72-64 =8 
Number of metal-metal bond = B/2=8/2 — 4 


99, Correct option is (c) 


Structure of CoF2= 


due to more space requirement for double bond the bond angle ZF-C-O will be higher that of ZF-C-F 
and also C-O bond order is larger than C-F hence, C-O bond length will be smaller than C-F. 


100. Correct option is (b) 


As the electron goes to e*;, (dxz , dyz), orbital of metallocene bond length increases as they are 
anologousegiset orbital of an octahedral complex 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organometallic Compounds 


Fe(Cp; ———» — — e 


il 


Thus, in Ni(Cp)» there are highest number of electronSjin.e* 1, . Hence, it has highest M-C bond 


length. 
Ni(Cp)2 > Co(Cp)2 > Fe(Cp)2 


101. Correct option is (c) 


H 


H Ru 


Ru. xig od | o 
H H “Y—~co co 


co 


Therefore, total protons 8, but in n*-mode COT attached to the four carbon and 4 protons show different 
environment at -140°C because fluxonial behaviour slow down and hence , 4 signals will be observed. 


102. Correct option is (b) 
CoB5Hs = (B-H)2B3Hs = BsH7 


Each B-H unit give 2 electron. For cage bonding. 
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QUANTA POINT | Organometallic Compounds 


Hence, 5(B-H)= 5x2= 10 electron. Each hydrogen one electron, 
Hence, 2H=2x1= 2 electron 
Total =12 electrons 

C2B4H6 = (BH B4H; =BoHs 
6(B-H) 6x2-12e 

2H- 2x1-2e 

Total = 14 electron 

B5Ho 

5(B-H)=5x2=10 

4H = 4x1- 4 

Total -14 e 


103. Correct option is (a) 


During fluxional axial ligands are exchanged. with equatorial ligand. Hence, 


cO 
5 uu x 
Fe Co 
A Pa E l 
40C— 
co 
3 
Q 
a F i zm 
" 1 
deti = 06 =g = 
[Sco v [x : 
"CO 4 56 ico CO 
TBP SP TBP 


104. Correct option is (a) 
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QUANTA POINT | Organometallic Compounds 


2.2 s 
S: 

© O 1,/aq. solution 
L mmm Et,Cl+CK T ene 


uS 
( ) (CpMo(CO);]; 
-— B 


t4tds 


105. Correct option is (a) 


Omi OMe 


sA DH f. 
opor > ooer E o (OC) er C. 


CgHs CeHs 


106. Correct option is (c) 

TVE = 10+12+12=34= A. 

B- (nx18) -A 

B=(2x18)-34 = 36-342 

Number of metal-metal bond.—2/2-1 

On heating : 

TVE 10412+8 =30=A 
B=(nx18)-A=36-30=6 

Number of metal-metal bond = B/2=6/2 =3 


107. Correct option is (b) 
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QUANTA POINT | Organometallic Compounds 


108. Correct option is (c) 
T.V.E.=8x2+5x2+42x2+4=34=A 
B = (nx18)-A=36-34= 2 
Number of M-M bonds=B/2=2/2=1 

Ph H2 


X P ^ 
phr E P~ Ph 


OL KI 


N rs 
Co 


3-bridging, 1-M-M bonds) 
109. Correct option is (a) 


When the,norbornene is strained molecule because the hybridization is sp? when the metal attached with 
norborriene.back-bonding takes place and due to this back-bonding the hybridization changes to sp?-sp' 
and hence relief to strain 


110. Correct option is (b) 

Statement I —^ [Rh(CO); b] 

Converts CH-I and CO into CH43COI 

Statement — [Rh(CO); L[ is diamagnetic in nature. 


I and II are correct but II is not correct explanation of I. 
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QUANTA POINT | Organometallic Compounds 


Correct explanation: Monsanto process occurs via oxidative reaction, migratory insertion and re ductive 
elimination reaction for that the starting compound must be square planar. 


111. Correct option is (a) & (c) 


[ReH]? — Tricapped trigonal prismatic 


` 
In 
7 
» 


Atoms 1 to 6 are the prism atoms, 7 to 9 are H-atom are equatorial hydrogen. 


112. Correct option is (b) 

Co(CO); 

9+6 =15 (for 18 electron require 3 electron) 

P o BH; 

5. 342-5 (for 8 electron require 3 electron) 
CH — BH» (for 8 electronrequire 3 electron) 
4+1=5 34234 

Nim- CsHs) (for I8 electrofi require 3 electron) 
1075-15 

Co(CO); P & CH © Ni(n?- CsHs) 


113. Correct option is (b) 
[Co(n°- CsHs)BaHs] 
Co(n>- C;H;) > BH 

14 4 
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QUANTA POINT | Organometallic Compounds 


[BHB4H;] = [BsHs]* = [B,H,]*—nido 
[Mn(n’-B3Hs)(CO),] 
[Mn(CO)a] <> [BH2] 
7+8=15 5 
[ B:SHgBH; ] = [B4Hjo] = [B4H4] 5 = [BH]  — Arachno 


114. Correct option is (c) 
[Rh&C(CO)i5]? 
TVE = 9x6 + 4 + 15x2 42 55444424330 = 90 


Hence, it has trigonal prism geometry. 


115. Correct option is (c) 


P scm \ JEU ENS, H2C——CH2 p= -PMe; | Q | p-H elimination ( Q \ 
L— corel 
D3CA, Co. 


H2C © 


[o] 
Me;P^ T "fons PMe; e is vo En JC | “CDs Nr Sige 


CD; qui Mae H2 a6 CD; 


18 electron 


CDs; 
D3C [ | 3 l ) 
: E + Q q~e ^ Q R.E. reaction 


PMe3 


N 
CH2 PMe3 


116. Correct option is (b) 
Compóund(C) shows four 'H NMR signal 


H 
CO CI H 
dii | N aq CCN] 
Fe(CO)s , —— So NE. ——— re H 
EN | OG" ] 
CO CO H 
H 
(B) (C) 
H H 


117. Correct option is (b) 
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QUANTA POINT | Organometallic Compounds 


The species having same number of electrons are called isoelectronic. 
A -[V(CO)g]-5*12-17e 

B =[Cu(n?- CsHs)(CO) ]=11+5+2=18e" 

C =[Co(CO)4]' =9+8+1=18e° 

D-[IrCI(CO)(PPh;);] = 9+1+2+4=16e 

Therefore B and D are isoelectronic species . 

118. Correct option is (c) 


Two fragments are isolobal if the number, symmetry properties, approximate-energy and shape of their 
frontier molecular orbitals and the number of electrons in them are similar not identical büt similar. 


CH;'- 443-1 26; 
[Cr(CO);]=6+10=16 

119. Correct option is (a) 

Na [Mn(CO);] + CH2=CH-CH2-Cl ^ 


Mechanism: 
Mechanism: 
CO CO 
oc, | -co oc. | co 
[Mn(CO),] + CH, = CH - CH, - CI —— mt uw + NaCl — oc co 
| AV 
LZ i ae 
(A) upon heating n! allyl converted into n? (B) 
allylwith evolution of 
CO gas 


120. Correct option is (a) 
[B, Hg]? has 6 + 1'« 7 bonding molecular orbital 
[B;H4]? —B-H-2x6212 e 


for 2 negative charge, hence 12e +2e -14e 


121. Correct option is (d) 
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QUANTA POINT | Organometallic Compounds 


Q | | C | Fe(n* - c8, (n - c8; ) | 


[(1°-Cp) Fe (n^-CcHa9)] 


122. Correct option is (a) 
In [Fe(S2CNEt)3] , oxidation state of Fe = +3 


Fe?* (low ony i ; Fe** (high vo 4 1 { 
=e ‘ : Vr 


A 
^D. A g 


123. Correct option is (a) 


CH3 
PIN, "68 CHI (polar) Pho, | -60 
—————- 


Pd AS 
CI^ "pph, SN Cl |"PPh; 
anti addition | 
Mechanism: 
CH3 CH3 
Pha me N Ph3P——|—— CO  PhPo—|— co 
CH,I 
b. d 3 e "d b "d 


r Ir —- r 
r es d >n ci sn, 
I 
124. Correct option is (b) 
In trigonal prismatic ligand field, energy of 'd' orbital is 
dyz = Wy > xy pd, 


Hence, the most stablized 'd' orbital is dy 


125. Correct option is (c) 
Number of valence electron in CH; = 6 
Hence, fragment having 16 electron will be isolobal to this fragment. 


A— CpCr(CO) = 5464-15 
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QUANTA POINT | Organometallic Compounds 


B—CpCu- 5+11=16 
C2Ni(CO), = 10+4=14 
D Cr(CO)4 = 6+8 = 14 
E—Fe(CO), = 8+8=16 


126. Correct option is (d) 


According to reductive elimination reaction mechanism cis-complex can give the,product, but trans- 
complex is not suitable for reaction and does not give reductive elimination product. Since, ligand given 
in option (d) forms a trans-complex with Pd(II) due to the presence of flexible methylene (-CH2-) 
groups. Therefore, reductive elimination not occured. 


L2 p—Pa—P—. "om 
Ph / À \ Ph Ph / pa \ Ph 


Ph Ph Ph Ph \ Ph 
ud Ph 
(trans) (cis) 
Actually formed but does not give reaction This can give the reaction but not formed 
Actually formed but does not give reaction This can give reaction but not formed 


127. Correct option is (b) 
Sn ^ = 9x4+4=40 , thus it follow 4n+4. Hence, it has nido structure 


128. Correct option is (b) 


n-backbond 
Empty Filled 
por d orbital G-orbital C Pes empty n” orbital 
d-orbital 
| , " : 1 
ee x C — O bond length 
pes bonding (synergic bonding) x NW T PUTET n gt 
Compound[ V (CO Xt C€r(CO), | Ma(CO), | H,B.CO 
Ve-o(em') 1860 2000 2098 2164 
[V(CO)&): < CCO), < [IMn(COXJ < H3B-CO 
a D 


Order of vco streching frequency 
[VICO] > CACO% > IMCO] > H,B-CO 
Bll is) i tat A OE 

Order of C-O bond length 
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QUANTA POINT | Organometallic Compounds 


Compound [V(CO)] [Cr(CO).] [Mn(CO)]°  H;B.CO 
Deo - cm'! 1860 2000 2098 2164 
[V(CO) < [Cr(CO)s] < [Mn(CO)6]* < H3B.CO 


Deo streching frequency 
—————————————————————— — 


[V(CO)S > [Cr(COX4] > [Mn(CO)S]' >H3B.CO 


C-O bond length 
————————————————————————————————————————— <> 


129. Correct option is (d) 


The insertion of carbon monoxide into a metal carbon bond to form an acyl group is the basis of 
carbonylation reaction. 


F 5 ^58. Z9 13 Fe Z 
ois L0 O Í 
oc^ / ^ch OC” V PE a oc | 
Cs `- 3 CH 
ves | ot 16e Product 7^3 
fe] . 
Intermediate 
130. Correct option is (d) 
a CN 
assi H. H K H. zH „PPh NC S a PP hs 
bond y imt J— nm [cens C. PPh 
— om 1. 4 
distance H H "m H H NC "CN 
C-C 149À 
LN, C-C 137À C-C 143À 
— 7 97 Pt-C 2.55À PLC 2.11À Pi-C 21A 
A UN 
CASIA Increasing order of backbonding 


Donation of z-electron of the C=C to an empty c orbital of the metal accompanied by back donation 
from a filled metal d x orbital into an empty C=C z* orbital 


(Synergic bonding « C-C bond length) 


131. Correct option is (d) 
(A) [{Co(m?-CsHs)}2(CBeHs)] 
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QUANTA POINT | Organometallic Compounds 


[ {Co(n°-CsHs)}] > 18+10=28 is isolobal with (B;H;) 
[(BH); (BH); BeHs] 

Bi5sHi; > BisHis?— closo 

(B) [B4CoHs] —[(BH);B4Hs] BcHio or B eH ^ —nido 

(C) [BioHis {((Au(PPhs)} ] 

Au(PPh3)—11+2=13 is isolobal with B3H4 

[B13Hy7]— Bi3Hi3* nido 

(D) [CBsHio] —(BH)2BsH10 B10H1? >B10H10” — closo 


132. Correct option is (b) 


[Pd(PPh3)4] and Ni(CO)4 compounds are isoelectronic (follow 18 electron rule) and isotructural in 
natural (tetrahedral structure) 


[Pd(PPh3)4] = 10-8-18e 
[Ni(CO)4] = 10+8=18e" 


133. Correct option is (b) 


NS PhsP/y,, | NS 
MN orthometallation zl. 
NAE e 
Php* Bs reflux; benzene, 1hr Php pp, 
H 
C) (+3) 
16e 18e 
diamagnetic diamagnetic 
134. Correct option is (b) 
©. 
OAS! O |m Q 
Fe Fe Fe fe) 
oc co OG? \ OCH; oc^ | 
CO 
HsPP Cu, 
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QUANTA POINT | Organometallic Compounds 


18 € (A) (18e )) (B) (18e) 
Two signals with three signal with 3:5:15 
3:5 intensity ratio intensity ratio 


135. Correct option is (d) 
[ReCl;]? 22Re? (d^) + 8CI 
ò -bond: Eclipsed geometry 
[Os; Clg]? has Os? d? 


Bond order =3: staggered 


Eclipsed 


Staggered 
136. Correct option is (d) 
In Wacker process, a €o catalyst CuCl) which could re-oxidise Pd(0) back to Pd(II) 
[PdCL]? -C;H4:-H50 + CH;@HO+ Pd+ 2HCH2CE 
Pd + 2CuClh + 2GI [PdCL ]? +2CuCl 
2CuCl# 35.0; + 2HCI —5 —2CuCLl + H20 
CoH4*1/2 O2: CH4CHO 


137. Correct.option is (b) 

As the electronegativity of X in PX; increases, m-acceptor tendency increases. 
PF; > P(OPh); > PPh; > PMe; 

138. Correct option is (b) 
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QUANTA POINT | Organometallic Compounds 


Vacant p-orbital 


In BH3.CO formation CO interact with vacant p-orbital, whereas electron is donated by antibonding 
orbital of CO due to which bond order increases and vco increases. 


139. Correct option is (b) 


O t 
-COE H2 | 
IrCl(COE)(PMe3)3 ad IrCl(PMe3)3 —— (PMe3)3Cl Ir—Cc B 
CH3 
O 
H H || o H 
Me;P.. | UC — C —-CHs u H2 | 
A'N Lr H3C—C—C —IrCl(PMe3)3 
cI” | "PMe; 
PMe3 


140. Correct option is (b) 
Complex: 

Mo(PF3)3(CO)3 2055, 2090 
Mo{P(OMes)3}(CO)3 51888, 1977 
Mo(PPh3) (CO); 1835,.1934 
Mo(pyridine); (CO); 1746, 1888 


m-acceptor tendency of spectator ligand is PF; > POMe; > PPh; > Pyridine. Therefore, PF; reduce more 
electron'density from the metal in complex to pyridine consequently. As the electron density on metal 
decreases, M-C bond strength decreases, C-O bond strength increases. Hence, v co increases, 


141. Correct option is (b) 
Von ^ [Fe(CN)4]? > [Fe(CN4] 4 
Vco-[Cr(CO);] > [Cr(CO)3(NH3)3] 


142. Correct option is (c) 
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[RhgP(CO);]? — TEC = 9x9+5+2x21+2=130 
PEC-130 - 9x12=22 
PEC/2 = 22/2 2-11 9+2=(n+2)=nido 


143. Correct option is (c) 


PPh PPh, 

PPh 

(a) (b) (c) (d) * 
PPh; PPh, 


PPh, PPh, PPh, 


Bite angle 85° 91° >120° 96° 


The linear and branched formylated product is depends upon natural bite angle of biphosphines. As the 
natural bite angle increases selectivity for linear product increases. 


144. Correct option is (a) 


O 
K 
"O | 
» P—~9 


Cp- 5e: 

Ph;P-3e 

TOTAL - 18e 

Therefore, No M-M bonds 
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0 
7 M1, NN PPh 3 0, Oy in, "S PPh 3 
^ dr —— — M “Ire 
Oxidative 
oT "co addition na* Sco 
x 


Electron withdrawing group present on the metal decreases the electron density and hence decreases the 
rate of oxidative addition because the rate of oxidative addition is directly proportional to the electron 
density on the metal. 


X- F Cl Br I 
Rate 1.48x107? 34x10? 74x10? 0.34 
(M^) 


147. Correct option is (d) 

Fe(-1)— d? system 

d? ML, CH 

For d? —ML;, original co-ordination number will be considered as ML;. 


Therefore, [Fe(CO);(PPh3)| having three co-ordination number, missing three from original ML and 
similarly for CH, three ligands also missing from original CH4. Hence, [Fe(CO)2(PPh3)] is isolobal 
with CH but not with/CH;' (5e) because two ligands missing from original CH4. 


148. Correct option is (d) 
[Rus€(CO)17] 

TEC = 8x6+4+17x2=86 
PEC= TEC- n x 12. 

PEC- 86- 6x12 
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PEC= 86 - 72=14 
PEC/2 = 14/2=7 (n+1) => Closo 


In the cluster [RusC(CO)7]the carbon atom is encapsulated at cavity of cluster and equally interaeted 
with all Ru centres. 


149. Correct option is (c) 


Migratory insertion PPh, 
[9] 
Fe 
Fe Pes WA " "Scots 
oc^ | Yen oc | c OC 3 
co* | LJ | | poo 
ie M 16 electron 
Spe intermediate 


150. Correct option is (c) 


Ps Pho 
CH2CH R —CH 
ay Ti 243 ES "" 3 Lott ia 
heat Pt , Plain -elimination 
———— x _Reductive Pt + CH 
"à p " mo / N -elimination rh xs 


For reaction A: 
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PhP. |! CH, Reductive pap Oxidative l 
aun ^ Elimination dc tite i RR oe 
a, c Aim Pd 
l PhP oH, > > Ph3P x Php^ — 
For Reaction B: 
For reaction C: 
PPh ) Migratory \ 
= 3 H2C—-CH5 insertion 
eo Ligand p. Co "od cA d i 
HaC 7 "i displacement HC f Me H4C^7 2 / S 
* H2C p -elimination 
Reductive 
climi nation = 
EC + H2C=CH—CH3 
L Go a 
Tm Nore 
H3C H 


Hence, the reductive elimination product is methane but not the ethane 
151. Correct option is (b) 


Zz axis 


i 
' 
L 
| a 
LM 


L 


] 


-= d 
“ep 


Two ligands are present on z-axis therefore, d+ -orbital is involved in 6 bonding. Also three ligands are 
presentin xy plane, therefore, d i and dx, orbitals are involved in 6 -bonding. Thus the d a and 
d,, orbitals remain nonbonding. 


152. Correct option is (c) 
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QUANTA POINT 


Bens PPh 
soon pore PPh L1 
i see 
o¢<--1.-SBPh, occ 1-760 
CO PPh3 
fac-isomer trans-isomer 


The number of CO bands in fac-[Mo (PPh3)3(CO)3]| =2 
The number of CO bands in trans-[Mo(PPh3)2(CO)a4]= 1 


153. Correct option is (b) 


| Organometallic Compounds 


In aqueous medium, the most stable vanadium species is hydrated vanadyl ion [VO]? i.e 


[VO(E5O)J]" 


154. Correct option is (d) 

Cp2Fe 

10e +8e = 18 e 

Number of electron in anti-bonding orbital >0 
Cp2Co 

10e +9e = 19e 

Number of electron in anti-bonding orbital = 1 
Cp2Ni 

10e +10e = 20e 


Number of electronin anti-bonding orbital = 2 


As the number of electron present in the anti-bonding orbital increases , M-ligand bond becomes weak 


and hence, bond length increases. Therefore, the correct order of M-C distance is 


Cp2Ni > CpzCo > Cp;Fe 


155. Correct option is (a) 


This step is the slowest step and hence rate determining step. 
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156. Correct option is (b) 

[Fes(CO);4N] 

TEC- (8x5) + (14x2)+5+1 = 40+28+6 =74 
PEC =74-(12x5)=14 

PEC/2- 14/2 =7 ie.n*2 

Thus, it is a nido cluster. 

[Cog(CO)i3N] 

TEC= (9x6) + (13x2)+5+1 = 54+26+6 = 86 
PEC=86 - (6x12) = 14 

PEC/2=14/2 =7 i.e n+l 


Thus, it is a closo cluster. 


157. As per DMG rule , the rate of nucleophilic addition is : 


i ake 
c» od 


Mechanism: 


158. Correct option is (a) 
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Square planar complexes undergo associative pathway. So, ligand substitution process can be better 
understood in terms of crystal field activation energy (CFAE). Considering trigonal bipyramid or square 
pyramidal geometry in Transition state (T.S.), C.F.A.E. can be calculated. 


C.F.A.E. (Dq) = C.F.S.E. (Dq) of T.S - C.F.S.E. (Dq) of square planar complex. 


The Dq value increases of the heavier congeners and it makes heavier congeners more inert, So rate of, 
substitution will be 


Ni(ID» Pd(II)- Pt(II) 


159. Correct option is (d) 


The highest rate of substitution of a CO ligand on heating with PPh; is easy where slippage of haptacity 


is easy. 
For Q ] 
MN 
oc^ | "co 
CO 


slippage is easy because it is not at the co$t of aromatic character (n^ — n’). 


But n - Cp* , complexes, rate decreases because with respect Cp slippage of haptacity is due to at the 
cost of aromatic character. 


160. Correct option is (b) 


E 


as =a e, das dy 
rm Ay d, 
— — e, (dad) 
CH3 
HaC CH3 
H3C CH3 
Due to high field strength of Cp* , it forms low spin complexe and having 


one unpaired electron 


Cp; Mn = 2Cp* -10e and Mn = 7e =17¢" 
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QUANTA POINT | Organometallic Compounds 


12e electrons are in the lower orbitals and remaining five electrons occupies the orbital as follows. 


g 
H the. 
Electronic Configuration = e" aig! 


161. Correct option is (c) 


Taking 18 valence electron as guide, the products will be predicted. 


[Mo(N2)2(PMe2Ph)a | = [(m$-PhPMe;)Mo(PMe;Ph);] * No 


18 V.E 18 V.E 
PMesPh PMesPh 
PhMe;P N d RY | >i 
PhMs;P x. LA eta 
[ReCI(N;(PMe;Ph)] > PMegPh ^ PMe,Ph EM 
18 V.E V.E 18 V.E 


(Clas bridging ligand) 


162. Correct option is (c) 

[Fe;C(CO);]? 

Polyhedron electron count = T.E.C.-12x n = [4x 8 +4 +24 + 2] -12x4 = 62 - 48 = 14 
Hence, x= PEC/2 =44/2 = 7 = n+3 i.e arachno 

EH .E.C.- 62 


So, 1t adapts the butterfly structure expected for arachno 


163. Correct option is (c) 


Mechanism 
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QUANTA POINT | Organometallic Compounds 


Fe <C | Fe — | Fe-H 


Protonation of ferrocene with strong acids results intermediate through exo-attack 


164. Correct option is (a) 


At +30°C , the compound shows structural fluxionality. 


> 9.8 


Y^ Fe(CO)2 
H x 


Structural fluxiott ailis 
Structural tluxionality 


So, the two Cp rings display the different bondingynodes 6(y') and x (n°). 
At room temperature (30°C)@bserved.doublet due to n°-Cp and n'-Cp 
but at -80°C, four peaks observed) 

5: 2 : 2 :W 

l l d { 

Hei Hás Has Hi 


165. Correct option is (d) 
The product (A) shows three strong bands at 1986, 1935 and 1601 cm”. 


Three different IR bands suggest, the different CO environment in the complex. 


For compound 
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QUANTA POINT | Organometallic Compounds 


o 
ue 
Ir: 
bp Neco 
L PPh: 


three different -C=O environments are present. 
Terminal -CzO , v.czo (terminal) 2120-1850 cm and M-C(-O)-CH ;.àxco.—1 700-1600 em’! 


compound (b) and compound (c) show two and four different C=O environments. 


166. Correct option (b) 

In bent mode NO donates one electron to metal centre, thus statement A is incorrect. 

IR range for bent NO is 1525 — 1690 cm*" whereas for linear NO it is 1690 — 1900 cm'. Thus 
statement B 1s correct. 


Electronic configuration for CO is, 


Electronic configuration for NO is, 
Thus statement C is also correct. 


167. Correct option (c) 

Statement A is correct, as in order to form pi bond between metal and carbine, 2 electrons are donated. 
Statement B is incorrect, the given carbene is Fischer carbene and it is electrophilic in nature. 
Statement C 1s correct, rotation aroünd the Cr-c(OME)Me double bond has low barrier. 


168. Correct option (d) 

TVE for [Ru; (CO) wB]" is 86 
TVE.for [OSc(CO)wyP]" is 90 
TVE for [Os (CO)w] is 64 


Following the below table, 


S.No |-Fótal Valence Electrons Cluster Framework 
1 64 Square 

2 86 Octahedral 

3 90 Trigonal Prismatic 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organometallic Compounds 


169. Correct option (b) 

In option (b) both Fe follows 18e rule. 

Fe = 8e 

Cp =5e 

Linear NO = 3 

Bridging CO = 2 

Total 18e, hence, thermodynamically stable. 


170. Correct option (b) 
The given reaction is example of Kumada coupling between Pd and Mg 
II I 


Ph CI Pd(0) Ph Pd-CI PhMgBr Ph Pu Ph 
— oxidative addition \=/ transmetallation \__/ 
reductive 
elimination 
Ph Ph 
\=/ 


171. Correct option (b) 
Carbene whether it is singlet or triplet, theysare bent tnconfiguration. 
In the presence of +M groups (which is chlorine here), the carbine will be singlet. 
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UANT 3 


I N T 


Main Group Elements 


Hints & Solutions 


1. Correct answer (b): 


Stabilisation via back-bonding. Due to innert pair effect stability of+2 oxidation state increases down the group: 


—E———- => 
g^ Ng: e. YP rd he 


2. Correct answer: (a) 

Alkali metals in lig. NH, ,act as source of electrons and are supposed to be a good one-electron reducing agents. 
M (x y) NH, >| M(NH,)x] +[e (HN,)y]. 

These solvated electrons can reduce O2 molecule to superoxide ion. 

| e (NH) y |4 0, > 0; - yNH, 

These superoxide ions can combine with solvated metal ion to give alkali metal superoxides. 


[M(NH;)x] «0; MO, +xNH, 


3. Correct answer: (a) 


Compounds Uses 

(A) NasPO4 Water softener 
(B) ArsPO4, Pl asti ci zers 
(C) EtsPO, Insecticides 
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QUANTA POINT | Main Group Elements 


(D) CaHPO;.2H20 Toothpaste 


4. Correct 

answer: (a) 

B;03* 3H20 — 2H3BO3 (orthoboric acid) 

N20; + 3H;0 — 2HNO; (nitric acid) 

SO; + 3H;0 — H2SO, (sulfuric acid) 

P4010 + 6H;0 — 2H3PO, (orthophosphoric acid) 


5. Correct option (a) 


Correct answer is (a) closo-{B, Hy} species has always -2 charge. 


6. Correct answer is (a) 
BCI— pz—-pz back bonding 


CH3 T 


B(CHi sp? B— CH3 B-attracts B-CH; electron (Hyperconjugation). 
i 
CH; 


T — sp? 
BPh; sp TM y, B and C both are sp*-hybridised. No shifting of electrons (Resonance). 
Ph 
BCI, > BPh, > BMe, eae — 
Correct answer is (a) 


7. Correct answer is (b) 

(A) IE, for O and S are 1314 and 1000 kJ. mol ! difference 1314-1000=314 

(B) For N and P IE, are 1402 and 1012. kJ mol” difference 1402-1012=390 

(C) For P and As IE, are 1012 and 947 kJ mol” difference 1012-947 = 165 (less 300 kJ ) 
(D) Also for IE, difference is less than kJ mol! 


8. Correct answer is (b) 
Na -----=----- > Na (NH3)x + e(NH3), 


NH," Br + e(NH3), NH; + 1/2H? *yNH; + Br 
Na (NH3), + Br— NaBr + xNH; 


456 789 


9, Correct answer is (d) 
(SN), because it is a giant cross linked molecule and have mobile electrons. 


10. Correct answer is (a) 
O—R O—R — 
&» Bs ] Boa dl * dii adis i i 


' 


. l 
R—O—P—OR + R'X —»RLo—p—o—r + ROX—»> R—0—P—OR + RX 


Because P-O bond very strong affinity very high not easily break. So, R-O bond break. 
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QUANTA POINT 


11. Correct answer is (c) 
The structure of Sodalite cage zeolites is a truncated octahedral (as shown below) 


3 


12. Correct answer is (c) 


H 
H | H | 
b d | ow 
CN LRL UM. 
H 
H 


:Snumbersrbarr£ P—H-B, Ronde = 4 

y =number of B-B bonds = 1 

x = number of BH» groups + twice the BH; groups = 2 
Therefore, styx code = 4012 


13. Correct option (b) 

The Reaction mechanism of typical Bayer’s process is given below 
Na3B40; +16Na +8H> +7810. — 4NaBHy +7Na2Si03 

This is used for synthesis of NaBH, from borax 


14. Correct answer is (a). 


[Main Group Elements 


The correct structure of beryllium nitrate contains Be cluster with 5 NO3 units and one O as a part of cluster. (as 


shown below) 
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QUANTA POINT | Main Group Elements 


15. Correct answer is (d). 
Smaller the internuclear distance between two atoms, stronger will be the bonds. The increasing inter nuclear 
distance is as Cl-O < S-O < P-O< Si-O .Therefore strength of pa-da bonding is Cl-O>S-O> P-O >Si-O. 


16. Correct answer is (c). 

NCI; +4 H0—5NH40OH-* 3HOCI 

PCl4* 3H;0 —, H3PO; 4*3HCI (two different Acids) , 
AsCl3+3H20 — H3AsQO3 + 3H; (two different acids) 


17. Correct answer is (b). 
Alumino silicate is the most used catalyst in oil industry; mostly it is used for the process of Cracking. 


18. Correct answer is (a). 


alt die 
"E E ach 
S 


19. Correct answer is (d). 
Low oxidation state complexes are air sensitive as they easily lose electrons to oxygen, but they are not water 
sensitive as they do not bind to a x—donor molecule like H20. 


20. Correct answer is (d) 
PbCl» and PbSO4 are ionic compounds and insoluble in cold water. Therefore, cannot be used for deposition of 
Pb and Pb(Et) is toxic. 


21. Correct answer is (b) 
Among these elements K is least electronegative and F is most electronegative. Therefore electronegativity 
difference is highest for the pair K, F. 


22. Correct answer is (b) 
C;5B4Hs 


(BH);B4Hs = B$Hio aurora ar > | BeHg i — nido borane 
SS SSS SSS SS 
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QUANTA POINT | Main Group Elements 


23. Correct answer is (b). 
B(OH); +OH © [B(OH), | (reversible reaction) 
In presence of ethylene glycol, B(OH)4 is consumed as shown below and boric acid behaves as strong acid. 


ee l o feme, on I9— 0 
inira di "ho 9 -H,O SWZ 
Saki e T PC i, + 
H2C—iOH HO OH H2C—O on  HO— CH2 


H2C— OQ, O — CH 

-H,O 2 S " CH2 
-— B 

Pá N 


HC — O O— CH; 


24. Correct answer is (d) 
Neso silicates (or Ortho or Island silicates) are the simplest silicates which contain discrete SiO,” tetrahedral 
unit 

O xs 


162 pm 
109.5* 


Sim 


or x 
O 


Soro silicate (or Pyro silicate or disilicate) contain SiyO;^ ions which are formed by joining two tetrahedral 
SiO4* which share one oxygen atom at one corner (one oxygen is removed while joining). 


1 1 Q O 


Q: Pt o 
O- O 


Phyllo or two dimensional (2-D) silicates is (Si3Os)* . Each SiO, tetrahedron shares three oxygen atoms with 
others and thus by forming two-dimensional sheets. 


Tecto or three dimensional (3-D) or Framework silicates is (SiOz), . All the oxygen atoms of SiO, are shared 
with other tetrahedra and thus by forming three-dimensional network. 
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25. Correct answer is (d) 

As we go down the group in periodic table for sodium family, the number of electrons increases and their 
attraction towards nucleus increases and simultaneously with addition of new energy shells but increase in 
distance is more pronounced as that of increase in e` , So Na loses e's very easily therefore lowest ionization 
energy . 

In the case of inert gas family, Ne has its complete octet, strongly connected with nucleus e attraction and do 
not give e s to lose easily therefore highest ionization energy. 

Thus Na, Ne pair have highest difference in their first ionization energy in given option. 


26. Correct answer is (a) 
Nitrous acid (N20) which is commonly known as laughing gas used as a propellent in whipping cream. So, also 
known as whippits or nangs. 


27. Correct answer is (c) 
The Flame proof fabrics contain urea and phosphoric acid Ho;NC(O)NH;.H;3PO4 


28. Correct answer is (c) 
(A) N20; : HNO2 + HNO: — N20; *- H20 
(B) N304: HNO; -HNO; —A N2034 + H7O 


29. Correct answer is (a) 

As we move from Nb-Ta and Mo-W there is introduction of electron into f-orbital. As the shielding power of f- 
orbital is very less. Therefore, as we move from La-Lu in 4f series the size decreases, this is termed as 
Lanthanide contraction. This leads to slight increase in size of 5d metal than 4d. Due to this size of d and 5d 
metals are nearly similar. Hence Nb-Ta and Mo-W have similar covalent radii. 


30. Correct answer is (b) 
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QUANTA POINT | Main Group Elements 


Low 
temperature — a-quartz a.-tridymite a-cristobalite 
| 573°C | 120-160*C | 200-275*C 
: 1710°C WV 
: p-quartz p-tridymite B-cristobalite Liquid SiO; 
High 870°C 1470°C 
temperature 


31. Correct answer is (d) 
FeCl3,6H20 -SOCI2 — FeCl3 (s) + SO2(g) + HCl(g) 


32. Correct answer is (c) 
Large difference between the sizes of Li and Cs. So, it is difficult to get a solid solution of these two metals. 


33. Correct answer is (c) 
CIF;+SbF; — [CIF;]" [SbF] 
SbFs is a very strong F- acceptor and leads to the formation of ionic compound. 


34. Correct answer is (d) 
Bond order-3 , bond order is directly propotional to bonding energy. 
High bond order and HOMO LUMO gap 


35. Correct answer is (b) 

Cesium iodide (CsI) in crystalline form is used as the scintillator for the detection of protons and alpha particles. 
Sodium iodide (Nal) containing a small amount of thallium is used as a scintillator for the detection of gamma 
waves and zinc sulfide (ZnS) is widely used as a detector of alpha particles. 

Since in the question, it is asked about radiations (that means gamma rays) thus answer should be Nal 


36. Correct answer is (a) 
HPO; is a dibasic and reducing in nature . Thus it should contain two OH groups in the structure. 


37. Correct answer is (c) 
In solid state, aluminum fluorides have 3D network structure unlike Al4Cl; 


38. Correct answer is (c) 
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QUANTA POINT | Main Group Elements 


The diagram clearly indicates the four centered-two electron interaction (4c-2e). This takes place in Li 4(CH3) 4 
. The sp? hybrid orbital is of carbon while the three s-orbitals are of three surrounding lithium atoms. 


39. Correct answer is (c) 
N3P3CHF (A) = only 1 isomer 


PN Cl 
P. 
N^ Sn 
C, | | AC! 
Po gk, 
N^ % 
Cl Dm l 
PN C Fa. SS A TS 
P. P 
N^ Sn “SN “Sn 
C, ll | OF Fy, |l | aC! Fy, | pe 
PL gk Pork Nae 
4 " '& 4 Ww % 4 w F 
- ci Ci 
N3P3Cl4F (B) = 3 ise 
N3P3CI3F3(C) = 3 isomer 
Fa scl fa C fa of 
P P P 
N^ SN N^ Sn N^ Sn 
Ci», || lac tl LF Cl, |l | aF 
4 " T AN ^a 4 " ^a 
cl CI Cl 


N3P3CLF, (D) =3 isomer 
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EN NS Cle oF Cl 4 . Fu 
P. P P. 
"d Sn N^ Sy N^ Sn 
Cly, I | cl F;, I | cl F7, I | OF 
P P 'P P 
m 99 er. rs Nh BS 
4 " @ AN t AN t 
Ci Cl F 


40. Correct answer is (a) 


Relative acidic strength of xenon fluorides follows order XeF 6 > XeO3 > F > XeOF4 > XeF 4, XeO2F? > XeF2, 
This order depends upon (1) number of lone pair (ii) number of ‘F’ atoms 


41. Correct answer is (a) 


450°C 620°C. 


Ortho- Meta- Para- 
1,2-C2B10H12 1,7-C2B10H12 1,12-C2B10H12 


C2B10H12 is show three isomeric derivative which is depend on the the temperature. 


42. Correct answer is (d) 


Styx rule BsHo 
(BH) Ha (BH);H4 
S= number of BHB unit Ii 
T= number of BBB unit P q 


Y=number of BB unit 
X- excess hydrogen attached to B alone. 


Hydrogen balance 

stx=q stx=4 s t y x 
orbital balance 2 3 0 2 
tts=p tts=5 3 2 1 1 
Electron balance 4 1 2 0 
p*q/2 = s+fty+x tty=5-4/2=3 


No s cmcc ————————X————— Ln—" 
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st+x=4 
t+s=5 
t+y=5-$=3 
s oT y X 
2.3 0 2 
" 3:2 IU 
H H 
Pere i4 [1]2]0| — more symmetry 
H—B B--H 
. `H 
43. Correct answer is (d) H P-—R 
H h 


HNO; 


S 
Hot. and conc. 


H3AsO, Arsenic acid (V) 


H2504 H2SO4 
[H4As04] ———» As406 


Arseneous acid (HI) 


The reason is that HNO3 is better oxidising agent than H2SO4, also acts as dehydrating agent. 


44. Correct answer is (a) 

Chromium is extracted from chromite ore: 

(1) AFeCr204, +8Na2CO3 +702 — 8NazCrO4+2Fe202 *8CO; 
(II) 2NazCrO4t+H2SO4 — NazSO4+ Naz2Cr207+ H2O 

(III) NazC207+2C — CmO7 *NaCO; +CO 

(IV) Cr203 +2A1 — Al,03+ 2Cr 


45. Correct answer is (b) 

The electronegativities of elements are 
Ca Al As S 

10 15 2.072% 


46. Correct answer is (c) 
As positive charge increases the size decreases while with increase in negative charge increase the size. This is 
n " " ; : : ; : 2- 2+ 
due to increase in Zr, in former case while decrease in Zer, in later case. Hence, order of size is S^» S > S^» 
4+ 
S 


47. Correct answer is (d) 

HF exist as H2F2, and it act as fluoride donar if strong fluoride acceptor is present like SbF 5, AsFs, Therefore, 
the reaction will be HF 2 moles = H>F> 

HF; (lewis base) + SbF; (lewis base) — [H2F] + [SbFs]: 

SbF; act as Lewis acids as it has vacant 'd' orbital of suitable energy 
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48. Correct answer is (c) 
All the ions are isoelectronic. Therefore, the size depends upon effective muclear charge. 


Size of isoelectronic ions « x 


F o* Na’ Mg” 
Atomic number 9 8 11 12 
Number of electrons 10 10 10 10 


Hence, the order of size will be O^ > F >Na* >Mg”* 
Since, atomic number increases. 

Therefore, z, increases . 

Therefore, size decreases. 


49. Correct answer is (c) 
The reaction is as follows 
Ph,SiCl, + 2H,0 => Ph2Si(OH) 2 +2HCl 
1:2 Diphenyl disilanol 
Diphenyl- (A) 
-dichloro silane 
Now, (A) undergo condensation polymerisation to yield (B), which is an inorganic silicon, polymer, as follows 


Ph Ph Ph Ph Ph Ph 
| 42-----7-— ` | H,0 | | | | 
HO—Si-OH + HiO—Si—OH ——» HO—Si—O—si—oH ——> —19—si—o—si—o 
gl 2 | l { further | | 
Ph Ph Ph Ph reactions 
at both 
ends (B) Linear chain polymer 


50. Correct answer is (a) 
Diborane reacts with ammonia as 


" © 
H3N H 
in Es 
BHs + NH; ——>| BC EA 
X) H3N H 
(A) (B) 
H o! H 
Rr rt di BH; + BH; 
EH. PE a 2 
H 1H H 


Here NH; show unsymmetrical cleavage. 

'Y' is actually [A+B]. 

In 'Y' 'B' part gives quintet and 'A' part gives triplet by 'B' and 'H' coupling. 

51. Correct answer is (a) 

The crown ether binds metal cation in their cavity. They are selective as they have fixed ring size. 
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Crown ether 
Crown-4  Li* 


crown-5 Na* 
crown-6 K* 

crown-7 Rb* 
crown-8 Cs* 


Therefore, 12-crown-4 is best suited for Li” cation. After then as the size increases binding capacity decreases. 


52. Correct answer is (a) 
The reaction of XeFg with NaNO; takes place as 
XeFg e NaNO; — XeOF4t+ NaF+ NO;F 


53. Correct option is (a) 
All the allotropic phosphorous forms changes into white P, discrete units. Which has structure. 
AN 
P—|—P 


S L7 
P 


54. Correct option is (d) 
Pseudo halogen are polyatomic analogous of Halogen whose chemistry resemble with true Halogen common 
example. CN’, N3 , SCN’, NCN^. These anions contain nitrogen atoms. 


55. Correct option is (c) 


3292; == 
9 
HsP30 40 = +5+3x-20 =0 $ 3x =+15 , x=+5 
HsP307 = +5+3x-14=0 H3 

HsP303 = +5+ 3x-16=0 ` x—F 11⁄3 

HsP309 = +5+3x-18=0 s AT +13/3 


The average of oxidation states is 


56. Correct option is (a) 
Due to IPE ns? electron-pair become inactive. In Pb 


sez do 
ns np mm 


(n=6) 
Therefore, the structure must be 


ns np, 
OX Sp 
P b— 
id^ d Q 
ns 
np, 


57. Correct option is (a) 
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Acidic strength of Borane depends upon 

(1) number of Boron atoms 

(11) decapping 

Hence, the correct order of acidity is BSH» <B6H10 <B10H14 


58. Correct option is (b) 
The structure of [SigO;s] "^, is 


Hence, the number of linked tetrahedrals — 6 
The size of ring = 12 


59. Correct option is (b) 


NMe a iM 
MeN NMe» Cl N. 5  & NMez 
7 Sp Apa "EB Nor u^ a 
^ f : q5 i ` ' + 

ci il “ci MeN"| X "^c ch | ^. || "NMe 

Nos. op Ne a o 

Fd ma * “yy 
C "NMes C NMe2 CI" — Ame. 


60. Correct option is (a) 


| Cl 
g wi H A H 
N, ta . ^ M 
ON. NCL nagn, HN ONH supp NAO. NH 
BC], + NH,Cl —— | Vi i mra " CN if 
CIB “BCI HB.w. BH BH |. 
RO CONT CI" "NH “cl 
CI H | 
(A) (B) (C) H 


61. Correct option is (a) 

ZSM-5 stands for Zeolite Socony Mobil-5, it is an alluminosillicate zeolite belonging to pentasil family of 
zeolite. It’s chemical formula is Na4,A1,8196-nO;95.16H5O. It is widely used in industries for heterogeneous 
catalyst for hydrocarbon isomeriasation. 

The mechanism followed for the above reaction is 
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i 


|. X Hc C 


HyC=CH, — LT HjC—CH, ——> 


62. Correct option is (a) 
Structure of P4S; is 


/N 


k 


Number of P-S bond=6 
Number of P-P bond = 3 


63. Correct option is (b) 
POCI; — POCI,” +Cr 
POCI¢ F Cl —POCI, 


15q , Poci3 
(D BGN me > (OPCI; .NEt;)* + Cl 


POCI; +Cl —POCI, ( CT concentration is not enhanced) 


, 15q Qo POCI3 
(ii) KCl. ------- > K «CI 


| Main Group Elements 


The CT ion produced in this reaction increases the concentration of Cl’ and it is not consumed by 


POCI; 
(iii) FeCl; +OPCl; =POC1, 4 CeCly 
(iv) SbCls +OPCl; => POCI,” F SbClg 


64. Correct option is (c) 
LaL, exists as Là^ ( 2I )(e) 


The electron present is responsible for metallic cluster and high electrical conductivity. 


65. Correct option is (d) 
8C (graphite) + K^ (àm)*e (am) — [K (am)] [C8] (s) 


Due to the presence of unpaired electrons in n* band of graphite it is paramagnetic and its electrical 


conductance increases. It has eclipsed layer structure 


66. Correct option is (a) 


CCI4, or C6H6 
6S;CL +1 6NH3 ara a => S4AN4 +Sg +12NH,Cl 


67. Correct option (a) 


B4Hijo + NMe; =, Me3NB3H7 + Me3NBH3 
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68. Correct option is (d) 
K + graphite — [graphite] K^ 
H5SO, +graphite = [graphite] HSO4 


69. Correct option is (a) 

Bis"? = 5x5-3 = 22 

Hence, (4n+ 2), closo 

On addition of 2 electron it become (4n+4), nido 


70. Correct option is (c) 
NF has two isomers, 


IC, + 26, 1C, + 10; 


71. Correct option is (b) 

Generally, ionisation energy increases on moving from left to right in a period in periodic table. 
e Ionisation energy decreases as we move down in given group 

* [onisation energy will be more for full filled and half filled orbital. 


72. Correct option is (c) 
[PMo;?O4o]" is less basic. It is slightly less basic than ClO4 


73. Correct option is (a) 


ollows 


a=4.1450A 


CaB; and CsCl both have BCC like structure, the Be cluster is present at the body center of Ca lattice. 
74. Correct option is (c) 
Zn — 3d" 4s” 
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Ga 4s? 4p! 

Ge— 4s? 4p? 

As 4s? 4p? 

Full filled and half filled orbital have higher ionization energy. 

Hence, Ga have lowest first ionisation energy because removal of an electron Ga ' achieve stable nobel gas 
configuration. 


75. Correct option is (d) 
The above reaction undergoes as follows 
=FF°C 
XeFg 4-2NF — Nao[XeFs] ------- > [XeF;] ------------------- > Perxenate + 2NaF 
(Z) (A) 


HAIH45]K LMNOP4MQ5Q 


76. Correct option is (b) 

On descending the group, the stability of +3 oxidation state increases and that of +5 oxidation state decreases. 
Size usually increases on descending the group (P = 1.10 A? and As = 1.21 A°). Thus, AsCl; is thermally less 
stable than PCl; and As is larger than P but less stability of AsCls, is not due to larger size of As, instead it is 
due inert pair effect. 


77. Correct option is (c) 
Structures of BezCl, (T), B2Cl4 (II) and GazCl, are 


cl ci 
i C. " M 1 m 
ud ed P —a Cia[GaCl,] 
ci c e 
Be;Cl, Cl Ga;Cl, 
Planar Planar Tetrahedral 
NoM M bond 
CI Ci 
n NII C. m" —nu/ |!on 
"d Bo—CI Ng —B Ga[GaCl,] 
S k 

CI CI Ci 

BejCl, Cl Ga;Cl, 

Planar Planar Tetrahedral 
Be;Cl, = Planar No M M bond 
Ga'[Ga"! C1] 
Ga;Cl,- tetrahedral , No M-M bond 

Cl CI 
/ 
Ga 
Gal?) cr “el 
78. Correct option is (a) 
HC=CH 
BigHj4 + 2Et S ———> BioH)2(EtoS)2 pS CoB oH 
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79. Correct option is (b) 


N F 
b^ Fl? 
i ? 
F | | “SF N- Planar (sp?) 
N P = Tetrahedral (sp?) 
See nm 
E^ Ne 


80. Correct option is (c) 
P. 
s^ ls 
[1] 
pr 
P4S3 


Valence electron (N) = P = 2s? 2p! =5 
S=2s° 2p'=6 ===> 4x546x3 = 38 
R5SKQ 
2c- 2e bond (x) = 9 
Un-N Vx+N _ =U+38 
" — " _ 
V U U 


7 


81. Correct option is (b) 
The correct reaction of B2H¢ with O, and water are 


O2 6H;O 
B;0,*H;50 SS BoHe -==> 2B(OH)s +H» 


82. Correct option is (a) 

Magic number —shell model of nucleus 

Liquid drop model of nucleus — nuclear fission 

Actinides —radioactivity 

Threshold energy— Q-value 

83. Correct option is (a) 

[AL(OH): S14010] “Saka KAb(OH)XS135A1O;0] 
by Al(III)and charge balance by K(I) 

Pyrophyllite Muscovite 


84. Correct option is (c) 


(+5) 


‘S. Dithionic acid, H,S, O, 


Dithionous acid, H,S,O, 


(-2) e S C 
ü d co d Ee 
S—S (*5) (*5) 
ZA * * -1 
ELA 3) ( NE I I 
(-2) (-2) 
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85. Correct option is (b) 
Poly dimethyl siloxane (PDMS) is : 


"Ni 
MesSi O— SiMe, 


In Siloxanes 


Me;SiCl : used as terminating agents Me;3SiCl + H;O —5Me3Si(OH)* HCI 
Me5SiCb, used as chain forming Me5SiCb*2H5;0- Me5;Si(OH), + 2HCI 
MeSiCl,: used as cross linkers for branching MeSiCl3+ 3H?0 — MeSi(OH)3 + 3HCI 
Me Me T - T 
1o——di 4 — diri] - dii *H Bug 9 Me —— 
i O B Me 


Me 
Branching 
Me Me i if 
e ()—Sj—— es a A a Terminating 
Me Q O Me 
————— | 
Chain Forming ' Me l Me 
Me 
e Nuclear spin of "B =3 
Nuclear spin of ''B = 3/2 
BH C—H 
Electronegitivity: 2.04 2.1 2.5 2.1 


This indicates that polarities of B-H and C-H bonds are opposite 
*Thermal neutron absorption cross section for '^B-3837 Barn and for ''B=0.005 Barn 
*Boron resists attack by boiling conc. aqueous NaOH or fused NaOH upto 500?C. 

B+ NaOH (aq) —No reaction 


Boron react with fused alkali to give sodium metaborate and H2. 
87. Correct option is (c) 


LiF is sparingly soluble in water but for large anions such as CIO; , the Li’ salts are soluble in water. 
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QUANTA POINT 
* Standard reduction potential [E?] of Li is more negative than that of Na 


Li’ (aq) + € —Li (s) [E?].4 = -3.04 
Na’ (aq) te’ —Na(s) [E], = -2.71 


*Enthalpy of hydration: 
Li’ (g) [-520 kJ/mol] > Na (g)[-406 kJ/mol] 


88. Correct option is (c) 


87.554 
Pp, 
f we y 
The structure of O2F2 resembles that of H2O», in its large dihedral angle, which approaches 90°. The reaction of 


fluorine with a dil. aqueous solution of NaOH gives OF; with sodium fluoride as a side-product. 


| 

! 

| 
| 
| 
NL. 


2F2+ 2NaOH — OF; 2NaF + H20 


Oxidation (Reducing agent) 
(0) 


Y 
— SFe 2HF + 402 


| e 

H2S + m 
Reduction (Oxidizing agent) 

In fullerene the juncture bond (C=C) is the donor pi-bond. Hence, its common hapticity will be two 


89. Correct option is (a) 


90. Correct option is (c) 
Alkali metal hydrides are saline hydride. 
BeH; has polymeric structure with 3c-2e bonding. 


H H 
SS 


Bigger metal hydrides are usually interstitial hydrides as H^ can be trapped in their bigger voids. 


[TcHo]? is trigonal tricapped prismatic. 


(A) The highest oxidation state +8 of group 8 elements is shown readily in oxides like OsO and RuO, than in 


91. Correct option is (a) 
fluorides like RuFs and OsFs because these fluorides are unstable due to increased steric hinderance. 
(B) Fe can exist in-2 formal oxidation state also in carboxylate like [Fe(CO4)]°. 
(C) Mn forms Mn(II) compounds easily but Tc and Re rarely form M(II) compounds as indicentis their standard 
reduction potentials. 
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Mn? (aq)+2e — Mn(s. E^--1.185 V 

Negative value of E indicates that the reaction Mn to Mn"? is feasible 
Tc? (aq) 22e > Tc(s).  E?-40.40V 

Positive value of E’ indicates that the reaction Tc to Tc ? is not feasible. 


92. Correct option is (a) 
The structures of dithionite and dithionate are 


Qo 100 


O ax 20 O e ( 
NY c» Wen 7| 
2 CN 
WA -3 NN O=-7 +3) \0} 
o* (73) ON, a i EN | 
Dithionite Dithionate 
S-O; 7 S-O ^ 
2x-8-2 216—123. 
x=+3 x-—t5 
OO JOO) 
O ms. O " 
MW a7 Wwe» Ae | 
a Se 0777 DIN O| 
o (+3) AX / \ NO | 
[e] 
Dithionite Dithionate 
S-04 ~ S.O. ~- 
2x-8-2 2x-12-2 
x=+3 x=+5 


93. Correct option is (b) 

*On moving down in a group, the atomic radius generally increases. Even though d-orbital is present in Indium, 
its size is greater than that of aluminium as electron is added to 5s orbital which has much higher size than that 
of 3s orbital of aluminium. Even after contraction, size of 5s orbital is greater than that of 3s orbital. Due to 
higher atomic radius of In, its outer electrons experience lesser attraction towards nucleus hence, (IE, + IE; + 
IE3) for In is less than that of AI. 

*On moving along the period; size decreases thus, effective nclear charge increases and hence I.E. increases. 
Therefore, IE; of Co is higher than that of Sc and IE; of Se is higher than that of Ga 

* Nitrogen has stable half-filled 2s? 2p? configuration thus, has higher IE; than that of oxygen. 


94. Correct option is (d) 
Alkane is a hard base react with hard acid. Benzene acts as a soft base reacts with soft acid (Ag *) 


95. Correct option is (a) 
a.SbF; + 2HF — [HF] [SbFs] 
b.In the solid state, SbF; is tetrameric thus, it has octahedral structure. 
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c.PF3 acts as a strong z-acceptor ligand towards d-metals. 
d.AsCl; may act as either a Cl’ donor or acceptor with an appropriate reagent. Thus, in presence of a chloride 
source, AsCl; can form complexes of type [AsCl4] 


96. Correct option is (b) 
2XeFg ks SiO, = 2XeOF,4+ SiF4 


quartz (A) 
XeOF4t+ XeO3 = XeOrF> 
(A) (B) 


97. Correct option is (a) 
The table below defines energies and their proportional interactins 
| Type of interaction Strength Energy-distance function 


Covalent bond Very strong Complex, but comparatively long range 


Ionic bond Very strong 1/r, comparatively long range 


Ion-dipole Strong I/r^, short range 


Dipole-Dipole Moderately strong l/r^, short range 
Ion-induced dipole Weak l/r^, very short range 
Dipole-induced-dipole Very weak 1/r°, extremely short range 


London dispersion force Very weak 1/r°, extremely short range 


98. Correct option (c) 

Generally for Nitrogen, oxygen and halogen family, electron gain enthalpy of 2™ period element is less than 
that of 3“ period element. 

In group 16,0,S,Se and Te. If we apply general trend, that electron gain enthalpy decreases down the group, so 
the trend should follow O > S > Se > Te, but as mentioned elements of period 2 are generally have less electron 
gain enthalpy, because of their smaller and more compact size, which leads to repulsion between incoming and 
existing electrons. Thus oxygen has less electron gain enthalpy than others, so the order becomes S > Se > Te > 
O. 


99, Correct option (b) 
Statement (A) is correct as, 
EtyO : BF, + NaBH, — ByHy + EtyO 
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Point group of B;Hs is Dan, hence statement (B) is incorrect 


H n, AMS H 
r Lb 
H.C” “i” "H 


Since, P2He + 2N Mes > 2BH3 - N Mes thus statement (C) is correct 


MOT of B;H; is given by, 


Energy 
> 
> 
E 


Hence, the molecule 1s Diamagnetic. Statement (D) is correct. 


100. Correct option (d) 


Reaction (1) and (i1) are possible but reaction (ii1) cannot take place. 


9-9 0-9 


| Main Group Elements 
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Nuclear Chemistry 


Hints & Solutions 


1. Correct option is (b) 
With addition of a particle, atomic mass get increased by 4 and atomic number get increased by 2. With addition of 
p particle, atomic number get decreased by value of 1 and with release of B „particle atomic number get decreased 
by 1. 
Atomic mass of Y = 234+ 4 (due to addition of a.) - 238 
Atomic number of Y= 92-1 (due to addition of?-1) -2 (due to release of B .) 

+2 (due to addition of a ) 

=91 


Thus, resulted nuclei is ,, Y? 


2. Correct option is (b) 
In electron capture process a proton captures an electron from k-shell, and convert into a neutron. In this 
process an electron neutrino is also emitted. The reaction is as follows: 

ERE ë — o + De 
Proton electron neutron neutrino 


Henuce, the products are neutron and neutrino 


3. Correct option is (c) 
In neutron activation analysis, the specimen is placed into a suitable irradiation facility and bombarded 


with neutrons. This creates artificial radioisotopes of the elements present. Following irradiation, the 
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artifical radioisotopes decay with emission of particles or, more importantly gamma rays, which are 
characteristic of the elements from which they were emitted. 


4. Correct option is (a) 


The magic numbers of nucleons 2, 8, 20, 28, 50, 82, 126. 


5. Correct option is (d) 


The cross-section (o) can be interpreted as the effective 'target area' that a nucleus interacts with an 
incident neutron. Larger the effective area, greater the probability for reaction 


In reaction Pe Wa + on! > 3K” + ; Bal ^? + 2,n! , one neutron react with AN to give two neutron, 
which have more tendency to react with other radioactive nuclei. Thus, increases effective area for 
reaction. 


6. Correct option is (c) 


2, 8, 20, 28, 50, 82 and 126 are magic number. 


7. Correct option is (a) 


We have the relation between threshold energy and 'Q' of a reaction, as 


Ma +M; ) 
Ma 


Km= -Q( 
Here, M, = mass of moving projectile or bombarding particle 
Ma = mass of stationary nucleus 

Also, for endoergic reaction, Q > 0 


Therefore, magnitude of threshold energy. 


8. Correct option is (b) 
In fission of U?? with thermal neutrons 
(1) On the average, each fission of a U?? nucleus produces about 2.5 free neutrons 


(2) Each fission produce 200 MeV energy 
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(3) Fission always occure in assymmetric fashion, it means number of nuclei undergoing unsymmetrical 
fission is maximum. 


Hence, correct statement is (1) and (3). 
9. Correct answer is (d) 


10. Correct answer is (b) 
The reaction which involve evolution of y radiation are called radioactive capture reaction 


Na t :n— "Na y 


11. Correct answer is (d) 


The unstable nuclides like ^?U, U and **’Pu, undergo fission by thermal neutrons. ?"?^Th is a stable 
nuclei, compared to others. 


12. Correct answer is (a) 


The kinetic energy of deuteron (d-particle) is very low; hence it cannot excite “Mg nuclei. 


13. Correct answer is (c) 
Particles that are always to emit during positron emission 


IP, > on! +` e +0 (antineutrino) 


14. Correct answer is (a) 


For an element the favourable characteristics both the target and the product in neutron activation is high 
neutron cross-section area of the target and long half-life of the product. 


15. Correct answer is (a) 
In carbon dating , "C undergoes ß- ray decay 


wie — "IN tp 
16. Correct answer is (b) 
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(A) Be  2%He > 

Am = 2x4.002603 - 8.005300 = -0.000094 
There is mass loss. Thus, energy evolve. 
Therefore, exothermic 

SKr—2,gAr ^? 

Am —2x39.96238 - 79.81638 = 0.10838 
No mass loss, no energy realsed 


Therefore, endothermic 


17. Correct answer is (b) 


6 ; 
-e,g positron) 
3 Ne -—------ > SF 


D 


6 : 
-egs  - particlég) 
oC LEE E 3 "UN; 
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Inorganic Spectroscopy 


Hints & Solutions 


1. Correct answer: (b). 
Gives the evidence that Cu on is present in tetragonally distorted octahedral field, the unpaired electron resides in the 
orbital d x^-y? 


at dy2.y2 
E 
dz» dye42^- : 
* dg? dy2 y? M. dz» 
—’ 4 d 
5 xy 
. E 
EX g 
— — 


dey dy dxz K 


octahedral field ‘4 dxz dy; 


Tetragonally distorted 
octahedral field 


2. Correct answer: (c) 
SnF,is ionic, here Sn'^ — 5s? so no quadrupole splitting. 


SnCl4 is covalent, and Sn is sp3 hybridised, So there is s-electron density in the molecule. 
Hence quadrupole splitting is possible. 

R3SnClis covalent, and Sn is sp3 so there is s-electron density in the molecule. 

Hence quadrupole splitting is possible. 

3. Correct answer: (b) 

Both Fe(II) TPP and Fe(III)- TPP are square planar (because of tetradentate-planar, porphyrine 
type ligand), and both Fe(II) and Fe(III) are dsp2-hybridised, so there is s-electron density, 
which is responsible for their quadrupole moment and existence of mossbauer spectra. 

So both Fe(II)-TPP and Fe(III)- TPP show increase in s-electron density, but Fe(II) has higher 
s-electron density. So Fe(II) has isomer higher shift (0.52 mms-1) than Fe(II) (0.45 mms-1). 
4. Correct answer is (b). 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA POINT | Inorganic Spectroscopy 


At room temperature due to rapid interconversion of axial and equatorial F atoms, all the F will be 
equivalent. Hence PF NMR of PF 5 at room temperature will appear as doublet of °F. 


5. Correct answer is (b) 
Frequency shift (Av) = "S 
Where V =relative velocity of source and observer 


V —frequency of emitted radiation 


83 
2.2x 19 m 5 48x1018 Hz 


Av = LS. 22, 55x107 Hz =25.5MH 
d 3x108 m/s E a 


6. Correct answer is (d) 


Lm 


*32 


25. Selection rule AM, = 0.+1. 


a an - +1/2 

+ 1/2 a RN 
-1/2 

Magnetic field 


Correct answer is (d). 


7. Correct answer is (a) 


Triple cate 3 phosphorus atoms in the molecules in two sets 
2P -c . 


That is possible in mer-[IrCl;(PPh3);] 
fac-[IrCl3(PPh3)3] will give singlet of 3P 
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trans-[IrCI(Co)(PPh3);] will give singlet of 2P. 
[I(PPh3)4]' will give singlet of 4P. 


8. Correct answer is (c) 

The total numbers of fine and hyperfine EPR lines expected for octahedral high-spin Mn(ID), I-5/2 
Numbers of fine = No. of unpaired electron in Mn=5 

Numbers of hyperfine EPR lines = No. of unpaired electron x (2nI+1) 


n= no. of Mn atom = 1 , I= nuclear spin of Mn = 5/2 


Numbers of hyperfine EPR lines — 5 x bx1x L4 1) = 5x6 = 30 


9. Correct answer is (b). 

(1)Fe’—>High Spin-d? Spherical electronic configuration 

TĀ, M No quafrupole splitting, singlet signal as shown in (B) 
(2)Fe* —High-Spin- d*—axial electronic configuration 

T, M quadruple splitting, gives doublet signal as shown in (A) 


(iii) Fe? + Low-Spin- fy jf; Axial el&dtronic configuration quadrupole splitting,doublet signal as 
shown in (A) 


10. Correct answer is (d) 


Hoc NN 2+ 28m." n, = number of equivalent nitrogen atoms 
P is eu nc, — number of Cu atom 
pt 2 š " 
H2C——N N I, = spin of one nitrogen 


Ic, = spin of copper 


Multiplicity 7 (2nyly * 1) (2nyYe, +1) =(2x4x141)( 2x1 T ] NOTIS 


/ 


11. Correct answer is (d) 
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sT 


Recoil energy =R = 


FUV T 
ERW T X 
~ FUVT eV 
T 
—25x10W-2 ERW TIN 
2 QRZXZRQ.E 


[ 
p- [ERRAR — 24.57X108eV= 25 keV 


12. Correct answer is (d) 


Four H' are equivalent. Two nitrogen are equivalent. 


Two fluorine are equivalent. One °H is separate. 
eA a>, Q Q Q Q = ES 
Multiplicity-(2x4x 2 + 1) (2x2x $+ 1) (2x2x 24 1) (2x 2+ 1) 2 5x3x3x2 = 90 


4H! 2NP 2F 1H 


13. Correct answer is (a) 


If the system has an even number of unpaired electrons then zero field splitting within the ground state 
may result in the EPR transitions being undetectable and only one EPR signal is observe . Since Ni(II) 
octahedral complex has two unpaired electrons, therefore, number EPR signals is one. 


14. Correct answer is (d) 


U9p “Fe , ?! Sb Mossbauer nuclei and they fulfuil all the properties for that "Co is unstable nuclei 
which is used as y-source in the Móssbauer spectro photometer for ?"Fe study. 


15. Correct answer is (b) 


For systems with more than one unpaired electrons s 71/2 the ground state can be split in the absence of 
external magnetic field due to local site symmetry-the zero field splitting. For odd electrons systems, 
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this results in pairs of energy levels known as Kramer's doublets. Since Cr(IIT) has three unpaired 
electrons, therefore number of Kramer's doublets in tetragonally distorted Cr(II) complex in zero field 
splitting is 2. 


16. Correct answer is (a) 
SELECTION RULE 
AM;-0, l1(fotZeeman effect) 


+2 
E +1 

'D; £- 0 

Ss, 

2 

+1 

iP) g.e... 0 


T 5 NETT 


17. Correct answer is (c) 


. jjkkl mn imopVk xnpkqokR¥XQP*Y z/ixR.O{xQP |} ~e 
Doppler shift — Wee gee TE 
ij m 


n tuMvw Rx QP} z/i 


—2.552x108 2 25.5 MHz 


18. Correct answer is (a) 


e F 
b 
f Siaa 
EL. RS c, axis and plane d 
F ee 
b F 


There.are two types of F Fa, Fp 
PF =F, = doublet due to F a 


Pp f= triplet due to F p 
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T shaped structure. 


19. Correct answer is (d) 


The low temperature , (-98°C) VF NMR spectrum of SF, - doublet of triplet 


Equatorial F= 2x 2 x 24 1 23 , n=2 (axial F) 
Axial F= 2x 2 x 24 1 23, n-2 (Equatorial F) 


One C» axis is present (passes through S and bisect the line joining the two F atoms each) 6n is absent . 
26, present (molecular plane and the plane bisecting the line joining the two Fatoms passing through S). 


Symmetry elements E , C2 ,26, 


Point group symmetry = C;, 


20. Correct answer is (a) 
Fe(II)- 3d° 4s? , Fe(IID23d? 4s"; Fe(IV)- 3d* 4s* 


Isomer shift in Móssbauer spectra depend on the s-electron density and d-electron density increase the s- 
electron density decrease the isomer shift increase the d-electron density increase the isomer shift. 


So, so correct order, Fe (II) > Fe (III) >Fe (IV). 


21. Correct answer is (d) 
CD; (p= 1) 
(2nI+))= Ox3.x 1+ 1) =7 


22. Correct answer is (b) 
Selection rule for EPR , Am; = +1, Am; = 0. 
23. Correct answer is (d) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT |Inorganic Spectroscopy 


24. Correct option is (c) 

Oxidation of Zn to Zn will be diamagnetic hence EPR inactive. 

Feand S- Inactive. 

EPR spectroscopy generally used for the species have one or more unpaired electron. 


Cu(II) are EPR active because non-paired electron. 


25. Correct option is (c) 
Mossbauer spectrum of a complex gives information about 
(1) Oxidation state and spin state of metal 


(2) Types of ligands co-ordinate to metal define by quardurpole splitting on the behalf of electronic 
environment of ligand symmetry. 


(3) Also information about geometry of metal 


26. Correct option is (a) 


For vanadium, I= 7/2. So, 2nI+1= 2(1)(7/2) + 1 2 8 


So, in EPR spectrum it has two g values and it has two patterns of 8 lines each. 


27. Correct option is (a) 

BH; part of the molecule Ph;P." BH; 

IH NMR spectrum (2NiI-1) x (2NoI+1) = (2x1x3/2+1)x (2x1x1/2+ 1) = 4x2=8 
! B spectrum (2NiI + 1) x (2NoI+1) = (2x3x1/2+ 1)x(2x1x1/2+ 1) = 4x2 =8 


28. Correct option is (c) 
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QUANTA POINT | Inorganic Spectroscopy 


""Fe* can be prepared by electron capture process from radioactive g4CO. 


co Llectron, | sg. ole 5/2 Td E M 


5 
: Fe D 
27 26 y 

oe unstable 85% UOS "o 

capture Na 1— 3/2 (used as a source) 

ie 14.4 keV i 
, 136keV iind 
I=% Fe — 


29. Correct option is (c) 
[XeFs] = me = 7 = sp d? hybridzation 


Shape = Pentagonal Planar 


Pentagonal Planar 


as 74% Xe are NMR inactive hence a singlet of five fluorine and due to 26% nuclei a doublet of 
satellite. 


ada 


——————————À 
Satellite signal 


Hence, total number of signal is 3. 


30. Correct option is (c) 


Correct structuré is 
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QUANTA POINT | Inorganic Spectroscopy 


One C; axis and one plane of symmetry exist in this molecules, 
So, two types of phoshphorous atoms 


For *P (2NI+1)= [2x1x1/2+1] = 2 (doublet) 


For*P 2NI-1) = (2x2x1/2+1) = 3 (triplet) 


31. Correct option is (a) 

Number of hyperfine line (due to Cu and nitrogen) 
(ZNIc, +1) (2NIn+1) 

(2x1x3/2+1) (2x2x1+1) 

4x5=20. 


32. Correct option is (d) 


Br 
Cl Cl 


Both fluorine in same environment. 
So, form doublet (2NIp+1)=(2*1*1/2+1) =2 


Br 
Cl Br 


Br 
Br Cl 


Cl Cl 


Both are mirror image to each other 
but fluorine in different enviornment 


(2x2x1/2+1) = 3 triplet 


So, total number of line 2+3=5 


33. Correct option is (a) 
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QUANTA POINT | Inorganic Spectroscopy 


Low spin 


* Since NCS is ambidentate ligand therefore change in co-ordinate mode 
e Change in the spin-state of iron at high temperature 


34. Correct option is (b) 

(R3Ge); — 2R3Ge (radical) in R3Ge (radical) 
Multiplicity = (2nI + 1) = 2x1x9/2* 1 = 10 lines 
Ge [I = 9/2] 


35. Correct option is (a) 


Me 2N A, a) Cl 


P 

Su NM 

if lucta ii 

= ud f "a 
; N 


ig 
SY N 
MeN 
2 DNS 


/ "INMe; 
Cl 
P H} — (2NI+1)=[2%21/2+1]=3 (triplet) 
3P HH} — (2NI+1) = (2x2x1/2+1)=3 (triplet) 


36. Correct option is (c) 

HP. "BC 

IP NMRQNIg-1) for 3H=(2x3x1/2+1)=4(quartet)—1:3:3:1 
P NMR — (2NIg+1) for B = (2x3/2x1+1)=4(quartet)— 1:1:1:1 
Intensity ratio: 1:1:1:1:3:3:3:3:313:3:3:1:1:1:1 
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QUANTA POINT | Inorganic Spectroscopy 


37. Correct option is (c) 
In CD; molecule => I = 1 


Number of EPR lines= (2NI+1) = (2x3x1+1) =7 


38. Correct option is (c) 


——— show two signal 


mer- [M(PR3)3Cls] 


39. Correct option is (b) 


Out of 100% molecule of cis-[Pt(PEt;);Cl;] , 33.8% [Pt (PEt;);Cl;] having doubled satellite in ?'P 
NMR due to !Jp. coupling and 66.296 [Pt (PEt;);Cl;] having Singlet signals in ?!P. NMR due to !Jp.y, 
coupling absent. 


Overall the 'P NMR signal will be singlet signal with 33.8% doublet satellite as given below. 
OR 


The *'P {'H} NMR spectrum is comprised with satellite peak of a singlet signal. 


66.2% 


40. Correct option is (b) 
[FeO4]? 
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QUANTA POINT |Inorganic Spectroscopy 


* Itis stable in strongly basic medium 
* Powerful oxidizing agent 
* The isomer shift of its Mossbauer spectrum is more negative compared to that of FeCl; 


41. Correct option is (a) 
gl>g=>gp 
the evidence that Cu on is present in tetragonally distorted octahedral field, 


xd di <—— ground state 


3d 
noe 


DEP EP 4a, 


Tetragonally disorted 
octahedral field 


octahedral fiel 


Ground state tetragonally elongation & unpaired electrons in d x-y 


42. Correct option is (d) 


Both phosphorus are chemically different ?]y.p and ?Jp.p and are possible, 
Signal for =(2NI* +1)=[2x1x1/2+1]=2— doublet 
Signal for P* = (2NI *1)2(2x1x1/2*1)-2-doublet 


43. Correct option is (c) 
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QUANTA POINT | Inorganic Spectroscopy 


Az 


44. Correct option (a) 
Selection rule for allowed transition is AM; =+1 and AMO, thus statement (A) is correct 


d d 
2. 443 
energy EI Id o T 
— (1.2 
| 
"a 
|. th P! " 
Cu(II) in regular | l 
octahedral environment — — (AA d 


xz yz 


In tetragonally elongated Cu(II) complex, more electron density is along d,’ orbital hence Ii > Io 
Ground state for tetragonally compressed Cu(II) complexes is dy2y2 . 
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I N T 


Lanthanides & Actinides 


Hints & Solutions 


1. Correct answer: (a) 

(A) Correct, As 4f-electrons are too well shielded to interact, so they are like inert gas-type ion, like those of alkaline 
earth metals, that attracts ligands only by overall electrostatic forces. 

(B) Correct, Lanthanides owing to the unavailability of orbitals for bonding, high basicity and ratherlarge size of Ln3*, 
form few complexes and mostly with oxygen or oxygen plus nitrogen chelating ligands such as -dietones, hydroxy 
acids EDTA etc. So, they rarely show isomerism and also lability of ligands make the isolation of isomers difficult. 
(C) Incorrect, C.N. more than 8 are common, due to their larger size and smaller chelating ligand like, 

NO, SO,4etc.eg. [Ce(NO,)6],,C.N=12 

(D) Correct, As 4f electrons are well shilded from external fields by the overlying 5s and 5p elec trons. Thus the 
magnetic effect of orbital motion is cannot be neglected. 

2. Correct answer: (a) 

As we move from 2d row transition element (Zr) to 3 row transition element (Hf), size should increase, but due to 
lanthanide contraction offset the increase, so Zr and Hf have almost similar size. 

3. Correct answer: (d) 

,Gd = [Xe]4f" 5d! 6s, Gd?-[Xe]4f" Sd! 6s? 

Removal ofelectrons takes place from the outermost orbital only. 

4. Correct answer : (a) 

Uranium fluorides co-precipitate with CaF, 

5. Correct answer is (d) 

Sm*'due to spin-orbital coupling 

6. Correct answer is (a) 


Al(OH), Amphoteric whereas hydroxides of lanthanoids are all base. 
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QUANTA POINT | Lanthanides and Actinides 


7. Correct option (b) 
Eu? 4f! —Half-filled stable 
Yb?'—4f'*. Completely filled > stable 


8. Correct answer is (d). 


Smaller the size of Lu? ion, higher will be the partition coefficient. 


9. Correct answer is (d) 
Since size of Lu is smallest, therefore Lu(OH)3 complex most easily formed with NaOH and dissolves. 


Lu (OH); -3O0H' > [Lu(OH).]* 


10. Correct answer is (a) 


The electronic configuration of Gd? and Lu” are 4f! and 4f"*, for this ions total angular momentum is 
Zero i.e. there is no orbital contribution. Therefore, calculated and observed values of magnetic moment 
are closest for this pair. 


11. Correct answer is (a) 
observed = Us F u 
Hobserved — Ms only if by =0 


+3 2 F -1 -2 -3 


Nd(III) = f? UTA 1 L»0 


43 42 +41 -] -2 -3 
Gau - f [4 |1 TT] L=0 
43 42 41 i E £4 


Py(III) = f? DODODUD L0 


L= =m, So, u, will be zero only for Ga (III) f”. 


12. Correct answer is (b) 
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QUANTA POINT 


Ground state term — ÍD 

2s+1=6 

2s=5 => s =5/2 i.e. five unpaired electrons 
For D, term L=2 


4d5 539 —> nun not possible 


+2 +] 
2 


aat ss! — TET | 


+2 +] 
L-2 i.e. D term ` 


Psp — wal 


1 +] 


=4 i.e. G term (not possible) 


4a? s2 — LL) F Ui] 


4] 0 - 


L=+3 i.e. F term (not possible) 


13. Correct answer is (b) 


Sm [Xe]4ff 5d° 6s? , Sm? — [Xe]4f° 5d" os? 
+43 42 +4 0 -1 2 -3 


| TAT fT s=2 = 2s+1=2x241=6 


L=434+2+1-1=5 
012345 
SPDFGH 


J=|L+S]...|L-S| 
=|5+5/2).... 152572] 
=15/2 5/2 

"Hise, Hso 

Ground state term= 6H5 


Eu = [Xe]4f/ 5d° 6s”, Eu- [Xe] 4f° 5d° 6s 


| Lanthanides and Actinides 
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QUANTA POINT | Lanthanides and Actinides 


x3 "425 wp0 "sho 3 


AAT S-$ omo assezx fie] 


L=3+2+1+0-1-2-3 
0123 
S PDF 
J=|L+ S|......[L-S| 


=|3+3]..... [3-3] 
=6 0 
TE 7E, 


Ground state term "Fo 


14. Correct answer is (b) 
Sm 4f ss' os 
Eu 4f! ss? eg 


Sm can accept one electron and become half field. So; it is better oxidant. 


15. Correct answer is (a) 


The retention of ion in exchanges column depends upon the size of ion. Smaller the size of cation, 
stronger will be its binding ability. In cation exchanger column the aqueous solution of ion is passed 
where binding ability depends upon hydrated radii. 


K" (aq) < Na" (aq) < Li" (aq) 

Since, size of hydrated ion increases as shown above. 

Therefore, binding ability decreases as K* (aq) > Na” (aq) >Li* (aq) 
Ag (aq) show polarization effect, hence, has high binding ability. 


Correct order: Ag’ > K' > Nat > Lit 


16. Correct answer is (b) 


Dipivaloylmethane, form chelats with lanthanides 
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QUANTA POINT | Lanthanides and Actinides 


qu 
H3C CH3 


CH, CH3 


17. Correct option is (a) 

2UO;* (aq) + 4H* (aq) > U^* +UO,” (aq) +2H,0 

UO," disproportionates more easily than UO2” [correct ] 

(B)U3Os is most stable oxide of U. U3Os is stable at high temperature [correct] 
(C)[UO;(NO3) (H2 O)2] co-ordination number = 8 [incorrect] 

(D)UO,” is linear [O-U-O] ? [correct] 


18. Correct option is (d) 

(NH4) 2[Ce(NO3) 6](Z) 

(1) NO 5 behaves as bidentate ligand. Hence, C.N = 12 

(2) Ce™ has no unpaired electron hence dimagnetic not paramagnetic. 
(3) Ce™ has higher oxidation state hence behave as oxidising agent. 


(4) (NH4) 2[Ce(NO3) 6] on reaction with Ph3PO gives. [Ce(NO3) 4(Ph3PO),| having . C.N.=10. 
Hence correct statement. 


OPPh; = mono dentate ligand; NO3= bidentate 


19. Correct option is (a) 


The Eu and Yb donate two electrons in their metallic bonding unlike other lanthanoids which donate 
three electrons. 


This is due to Eu? (4f) and Yb” (4f'*) stable configurations 
LnoLn? «3e 

Eu— Eu"? 42e (4f) half filled stable kernel 

Yb — Yb” 42e (4f'*) full filled stable kernel 

Hence, they show abnormally larger sizes than other lanthanoids. 


Eu =1.99A , Yb=1.94 A 
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QUANTA POINT | Lanthanides and Actinides 


20. Correct option is (a) 


(a) There is no good agreement between the calculated (u= JU £ 1) B.M.) and experimental 
magnetic moments for Eu? and Sm? ions because of low value of spin orbit coupling constant. 
Therefore, the ground state and the first excited states become equally populated, due to the thermal 
motion become equally populated due to thermal motion. Hence, the observed magnetic moment of Eu ? 
at room temperature is higher than that calculated from spin-orbit coupling. 


(b) Lanthanide oxides are predominantly basic in nature. 
(c) The Sm(II) ion has 4f configuration. Thus, in Sm (II) 4f subshell is not half filled 


(d) Since the chemical properties of the tripositive lanthanide ions (due to their similar size) they cannot 
be separated easily by chemical method. Instead they can be separated by 10n exchange chromatography. 


21. Correct option is (a) 


[UO2(NOs)s J" 


Co-ordinate number is 8 and geometry is hexagonal bipyramidal. 


22. Correct option is (d) 
Lande's splitting factor g is calculated as 


J (1) *S(S-D- L(L41) 


=the 
8 JOD 
Ce” EE f! 


+3 32.:4b.0 =] :2--3 


DUK WKN 


L-3 

S= 

J=|L-S| for orbital less then half filled 
J2]3-5|-5/2 
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QUANTA POINT | Lanthanides and Actinides 


— 432620) un 389) 
(x5/2(5/24-1) 

g- 6/7 

Pr? = f? 


33 +2. +1 0.. -1.-2 3 


L=3+2 =5 
S=1 
J=|5-1|=4 


4 (4-1) +1(141)- 5(5+1) 


g= l+ (x4(441) 


_ 0 
1 


23. Correct option is (c) 


A magic number is a number of nucleons (either protons or neutrons separately ) such that they are 
arranged into complete shells , within atomic nucleus ,the seven most widely recoginized magic 
numbers 2, 8, 20, 28, 50, 82 and 126 are magic number. 


24. Correct option is (c) 


The calculated and observed magnetic moments of Eu ? aqua complex are 0 and ~3.5 . The reason is 
that with the spin orbital coupling constant is only about 230 cm . This means that the difference in 
energy between the ground state and next excited state is small .So most of electrons goes to excited 


0 -1 


2 HUUU 


L=6-3=3 Jz|L-S| 2 0 
Sz3 


2 
= 


state and paired . 


Hence w= JJ +1) =0 


25. Correct option is (a) 
(a) Lu(III) = [Xe] 4f'* 5d? 6s? hence diamagnetic 


(b) Eul; has metallic lustre 
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QUANTA POINT | Lanthanides and Actinides 


(c) Ce(IV) used as oxidising agent 
(d) Tb(III) — f? has pink colour 


26. Correct option is (a) 


(A) Due to more expansion of 5f orbital actinoids has more tendency to release electron hence have 
more tendency to show oxidation state greater than +3 compared to Lanthanoids 


(B) Actinoids (IIT) show either f-d or f-f transition, but no d-d transition 
(C) UO;? and PuO,” are stable 


(D) All the actinoids have radioactive isotopes 


27. Correct option is (b) 


Gd? ion show isotropic magnetic susceptibility 


28. Correct option is (a) 
Pink — Sm(IID 

Red > Eu(III) 

Green — Tb(III) 

Blue — Tm(III) 


29. Correct option is (b) 


Eu** (f°) = Ace ya aca ay | 


12 1.0 l 


+ 


L=3 ASE 
S-3 -~ 2S+1=7 
J= |L-S| =|3-3|=0 
Hence, TFo 


Since, J-0 hence u should be zero but due to population of higher J level u >0. But as temperature 
decreases population in excited J level decreases hence magnetic moment approaches to calculated value 
i.e. Zero. 
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QUANTA POINT | Lanthanides and Actinides 


30. Correct option is (c) 


In hexahydrate of gadolinium (III) chloride, six H2 O molecules and 2CT ions coordinate to the metal 
cation resulting in a coordination number of 8. 


GdCl4.6H50 = [GdCl(H20)«]* Cr 


31. Correct option is (d) 


The configurations and magnetic moment are 


M? f U observed I. calculated 
Gd? Af? 7.97 7.94 
Lu AE 0 0 
Tb? ar? 9.8 9.7 
Sm” Af? 1.64 0.85 
Eu? jf? 3.36 0 


* Gd? (f^) and Lu? (f^) follow spin only formula In(n 4 2) u= 


* While for remaining u(eff) = g \/J (JÆ 1) is valid 
32. Correct option is (a) 
Ac shows only +3 oxidation state because it achieve nearest noble gas configuration of Rn. 


Lr shows only +3 oxidation state because it achieve fully filled [Rn] 5f'^ configuration. 


33. Correct option is (c) 

a.Lu” = Completely filled f'* configuration thus, no f-f transition. 

b. For Tb”, the main emissions responsible are ^D4 — 'F, (n= 6 - 0) with ^D4— "F; the 
strongest, whilst for Eu? ; ?Do — /F, are seen (n= 4-0) with the transitions to TFo , TF; and 'F; 


the most useful 


c. Overlapping J levels are observed for Sm? 


34. Correct option (a) 
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QUANTA POINT | Lanthanides and Actinides 


The value of ug... can be calculated using formula; ug. = gJU 1) 
Where, 

S(S - 1)- L IC- 1 J( +1) 
ag 2] + 1) 
for f° configuration 


AL a 


Here, S=2, L=6 and J ^ 8, 
Solving for g will give, g — 1.25 
Hence ug. = 10.6 
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Chemical Bonding 


Hints & Solutions 


1. Correct answer: (b) 


Explanation: Both XeF, , ICL, have 2 lone pair of electron. The shape being square plannar with hybridization sp*d’ 


2. Correct answer: (c) 


Explanation: 
NO 9 i 
HO HoH Ha SA 


All three molecules have same hybridization sp? 


Bond angles and bond distances are different, shapes are bent, pyramidal and tetrahedral respectively. 


3. Correct answer: (b) 


Explanation: SO, ? is tetrahedral. 
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QUANTA POINT | Chemical Bonding 


a. | S... ig: (0) 
| Ses E b `` ET, a Nei | 


ss o7 fe) s S 
ndi | nali - Sá a^ So 
Es -12 A 
(SE) (So 4) (S;Cb) distorted tetrahedral 
4 (Because all bonds are 
Tetrsaedral bent shape around Lesbian - 
Sen Say both s-atom wil bodithenstbetyecs 


different bonds.) 


4. Correct answer: (a) 

Explanation : Taking x-axis as internuclear axis. 

N2 = 6^, Gis 625 G25" Wopy Tap 6 2px 

0," = 6, Sis: 6^, 6°25" T px TT apy S 2px n m * spy 


5. Correct answer: (b) 
Explanation: I; is linear with highest number of lone-pairs ( 9 lone-pairs ) 


c vum 9 
— — Stiu orbitals ritu 
o; i 2 
2p, z 95 
eod 
m A mc rf * $i te 
OOO  "" A a uie Be Se 
2p, 2p, 2p, “> -4—13—4- 
—1i— ' 3p, 2p, 2p, 1 1 
x 
y Om 2 T. E 
E -1—1- tl. @e. 3 
Map, Map et tl e ee 
lx lx s 
tt 
23 T a th 2o* ee 
—)—:" 03, "he 
"ON — 
Ss ae 2s 
—1— 
Atomi 9, Atomi 
‘omic 2 omic 
í Molecular 11 
orbitals of " bital ot NO orbitals tl eA 
nitrogen ] of oxygen 2 es 
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QUANTA POINT | Chemical Bonding 


Number of electrons in antibonding MO of NO = 1 
No electron is present in antibonding MO OF CO-0 
So, number of antibonding MO is zero . 


7. Correct answer is (b) 
(A) N; — linear, XeF2, — Linear 
(B) [CIE;]' — Bent, [ICh] — Linear 


(C) [ICI] , > square planar, [PtC14] Pus square planar 
(D) XeO3— Trigonal pyramidal, SO; Trigonal planar 


8. Correct option is (c) 


r 2e T CI 
pe Br— >F aA 
Xe EN bz : 
0% So ^F G2 $6 , 
O P 
CI 


9. Correct answer is (d). 

Size of d-orbitals decrease with decrease in size of element. The decreasing order of size is 
Si>P>S>Cl. 

Therefore decreasing order of size of d-orbitals is Si» P > S >Cl. 


10. Correct answer is (d). 
Number of lone pair of electrons = 9 


11. Correct answer is (d). 

Smaller the internuclear distance between two atoms, stronger will be the n bonds. The increasing or 
due of inter nuclear distance is Cl-O < S-O <P-O <Si-O Therefore strength of px -dn bonding is Cl-O> 
S-O>P-O>Si-O 


12. Correct answer is (d) 
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QUANTA POINT | Chemical Bonding 


eo 90 v9 


N 
LS ÁN LS 
H " H H F 
More electronegativity Less electronegativity E-N- of F is greater than 
difference between difference between that of N 
O and H N and H 


Therefore, order of dipole moment is H20 > NF; > NH; 


13. Correct answer is (d) 

CO: : sp?-hybridization (Trigonal planar) 
SO; : sp?-hybridization (Trigonal planar) 
XeO3 :sp-hybridization. (Trigonal pyramidal) 
NO; :sp?-hybridization (Trigonal planar) 


2- SO as 
CO, " 3 XeO; NO; 
4 i x S 
oc e— 
% S 4 \\ 50 N 
0, o So o \ o^ No 
sp?-hybridization sp^-hybridization — sp?-hybridization sp^-hybridization 
(Trigonal planar) (Trigonal planar) (Trigonal pyramidal) (Trigonal planar) 


CO; ^,SO;, and NO3”, have planar structure. 


14. Correct answer is (c) 

40. When a hydrogen atom is placed in an electric field along the y-axis. The magnetic moment i.e 
electron density will he oriented along y-axis and therefore the orbital that mixes most with the ground 
state 1s orbital is 2py . 


15. Correct answer is (d) 
Among given compounds NF3 is not hydrolyse easily because, the more electro negative F atom 
strongly attracts the electrons present in N atom and they are no longer available to get hydrolysed. 
BiCl; is not readily hydrolysed by water to give B1OCI. 

BiCl; +H,O— BiOCI + 2HCI 
But BiOCI redissolve in conc. HCI to produce BiCl, after evaporation. It has quasi molecular structure. 
PCI; is easily hydrolysed by water. 


16. Correct answer is (a) 
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QUANTA POINT | Chemical Bonding 


IS ja 
LAM] ac 


Number of lone pair =2 
Number of lone pair = 2 


17. Correct answer is (c) 


More than 8 electrons in the valence shell of P in [PFg] 


18. Correct answer is (b) 
EN) 2 2 2 1 1 
B2= 64 0 1 6», 0 2,* T 2px T 2py 


B.0.= = 

If an electron is added to Bo, then will go bonding to z -orbital. 
356 

B.O. becomes= = ——-1.5. 


7 


19. Correct answer is (b) 

Li = 1s? 2s' 2p? 

Li ‘Is! 25° 2p (hydrogen like) 

Be"? = 1g? 28 2p” 

H = 1s? 2s° 2p? 

Li has one electron in 2s and no electron in 2p hence the energies of 2s and 2p orbitals will be 
different. 

Li? has only one electron in Is! hence will have no screening effect 

Therefore, 2s and 2p will have same energies. 


20. Correct answer is (c) 


If a homonuclear diatomic molecule is oriented the z-axis, then linear combination of p; orbitals of two 
atoms form o-orbitals. 


The molecular orbitals formed by linear combination of px or py orbitals of two atoms is z. 


21. Correct answer is (c) 


Number of valence electrons in I4 central atom are 8 while in I3. are 10 and hence the geometries are 
tetrahedral and trigonal bipyramidal. 
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QUANTA POINT | Chemical Bonding 


SCl, Ə b 6 gr? g 
ee " ee " F 
FNS 9s 
S I H I~ C$ 
«o ^| KAA Ea 
*e I *. I te F 
Angular Linear Angular Linear 


22. Correct answer is (b) 

(1) SCl b.p.=2  1.p.=2 Stearic number (S)=4 
ŒM  bp.=2 Lp.-3 (S)=5 

IDI bp.=2 Lp.-2 (S)4 

(IV) CIF) bp.=2 1. p.=2 (S)=4 

Shapes of species are 


SCh E b © ar e 
iT kali Ly 
iia Sese 
prem. I~ C3 
«^ Da Zi Mii / | 
e I *. * F 
Angular Linear Angular Linear 


23. Correct answer is (b) 


SbPhs is square pyramidal while PPhs is trigonal bipyramidal. 
This is due to size of central atom. 'Sb' is bigger than 'P', therefore favour square planar while small 
sized 'P' favour trigonal bipyramidal 


Ph 
Ph aN 
Ph—|—Ph 
a s. iesus 
Sb P 
Ph ——P Ph h^ | 
Ph 


24. Correct answer is (c) 


A maximum five 'd' orbitals can form bonding with each other 
M o bonds ——» 1 
1 bonds ——» 2 


6 bonds = 2 


i 


25. Correct answer is (a) 
In the formation of SF the following atomic orbitals are involved. 
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QUANTA POINT | Chemical Bonding 


The 3s, 3p of's' and 2p, of 'F' are mixed to give ten MO's. Calculations indicate that four of orbitals will 
be bonding and four of orbitals will be bonding and four will be antibonding. The remaining two will be 
non-bonding. There are 12 electrons to be filled in ten MO's. The first two can enter 1a, and the next six 
can in it. The remaining four fill the non-bonding pair of orbitals. Thus it gives la? 1tf e^ gives as 
configuration. This gives the molecular diagram of SF, as 


la, 

26. Correct answer is (a) & (c) 

A 6 -bond involves the overlapping of eight lobes by facewise overlapping. This can take place by ‘d’- 
orbitals and ‘f orbitals. In 'd' orbitals following two possibilities are 

Case-I: d xy +d y > ô bond 

Case-II: d yy + d xy — 6 bond. 


Case: I 
Case: Il 


Both cases are reported in many examples like. 
Case-I is reported in dimeric copper acetate (II) 


Case-II is reported in RezClg 


N 


i 
i 
1 
I 
Re 
LU 
I 
LU 
*. 


^ 
- 


Hence, options (a) and (c) are correct 


27. Correct option is (a) 
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QUANTA POINT | Chemical Bonding 


The structure of S3O show resonance as 


0 +2 
+2 +2 
0 S —_—_—_——)P y S E 
gU 2 ia^ Sn 
[e] 2 
OS=0 +2 2 OS= 2 +4 2 


(D (II) 
Hence, the probable O.S. of 'S' are (0 and +2) from structure 'T' and (-2 and +4) from structure II. 


28. Correct option is (b) 
[Br3] = Br. Bry 


__ 3275? 


S ee 4 = sp? 
Therefore, geometry = tetrahedral. 
[Is] * 
[s In 
© 
=g AN 


geometry = trigonal bipyramidal, sp?d hybridisation) 


29. Correct option is (c) 
XeF5; S = steric number = 9 =5 
Therefore, G = Geometry = trigonal bipyramidal (TBP) 


E) j 
>S 


F 
Hence, the shape linear Xe 


XeO2F2 s=% =5 Geometry =TBP 


Ön F 


SER F 
i 5 
£l— ux 

F 


S (0) 
F 


30. Correct option is (a) 


The structure of C3O» (carbon suboxide) is 
[*] o NC x E 
O—-C—C—-C-—O (Linear) 
4 T T T x 


46 ahd 4x 
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QUANTA POINT | Chemical Bonding 


31. Correct option is (b) 


In IF7 and Fe(CO)s , the rearrangement is so fast that axial and equatorial ligands cannot be 
differentiate by spectroscopy). The molecules in which rearrangement leads to configuration which are 
chemically equivalent are called fluxional molecule. 


32. Correct option is (c) 


The Mo configuration of Naand Nj are 


"NOE 2 2 au wg 
N2 = eos 625* TOpx T2py 92pz 


852 
B.O.- —- 
2 
4 2 2 2 2 1 
N2 =602s O2s* "2px "2py 92pz 
752 
B.O.- 5--2.5 


N25 N, (Bond order decreases) 


33. correct option is (c) 


Note: The lone pair of [SbClg] * is steriochemically inactive and that of XeFg, is boderline of 
stereochemically active and stereochemically inactive condition. 


34. Correct option is (d) 
C» = valence electron = 12 


————À 2 2 2 4 
Cz = G15 Oj5* 625 625* T2p 
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QUANTA POINT 


af Is I y < O2px 
n = gerade ¿while z = ungerade 
= + 
& 2 => 
Q ®© e 
To a ac MI A 
(gerade) (ungerade) 
Centre of symmetry No centre of symmetry 


36. Correct option is (b) 


[TeF;]' = T Se 


Number of lone pair = 1 
Structure is square pyramidal 


F 


Te 


37. Correct option is (c) 
The structure of [AI(BH4);] is 


| Chemical Bonding 
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QUANTA POINT | Chemical Bonding 


H 
b" di MA 4 
uA "uv br 


Thus, number of 3c-2e bond is equal =6 


38. Correct option is (c) 
[H,] > H—H + H? — —»— H—H ——~ 4 ` 


Each bond angle is 60° 
39. Correct option is (c) 


CI——Au Au—Cl 
I 
P i 
P. 
Sl X 
Me "ua 


Aul! in +2 oxidating state 


Oxidation state of gold in this complex is 2 


40. Correct option is (a) 
Number of triangular anti-prism are 8 , in icosahedron it is 20 and in tricapped trigonal prism (capped 
on square faces) it is 14 


On capping to square faces 


4 new ages are generated and 
4 triangular faces. Hence, 
total faces become 4x3+2=14 


41. Correct option is (a) 
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QUANTA POINT 


Shape = square pyramidal 
42. Correct opion) is (a) 


CIO; = aa T =— =3+1 =4 sp’ (Tetrahedral) 
©) © 
P; iw = Pyramidal shape 
o? | o 
[9] 


: = =3+1=4— sp’ (Tetrahedral) 
Xe = i 
, af | Su. = Pyramidal shape 


fe) 
S0, =P _ 76 =3—sp’ (Trigonal planar) 


SNF;- 4>E>;xG 


| “a sp = Td 
XeOjF;- =F — 7^ =4+1= S=sp'd TBP 
N F O 
Jl Y, 
y: SA 
| | 
O 
F 
Tetrahedral Trigonal bipyramidal 
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| Chemical Bonding 


QUANTA POINT | Chemical Bonding 


44. Correct option is (a) 
According to Bent's Rule, 'more electro negative element occupy axial position in trigonal bipyramidal 
geometry. 


45. Correct option is (b) 
According to Allred-Rochow, electronegativity can be given as 


0.3590Z 
X= nA + 0.744 


where r° = covalent radius. 


46. Correct option is (a) 
The correct structure of dinuclear anion [I2-(OH)20;]* with two bridging oxo groups, is as shown below 


octahedral 


47. Correct option is (b) 
According to MOT 
NO2 c^. «ga «ab. < gs * «nb. he. < 025 nlt, = n*a, < 000," 
— O Is O 1s* 9 O 2s O 2s T 2px = TU 2py +O 2pz © TU "2pz = TU 2py S O2pz 
10-5 
Bond order of NO = = ain 2.5 


Bond order of NO* = “= EM 


Hence, as bond order increases v (NO ) increases and NO” — EPR inactive as no unpaired electron 
In NO” HOMO is o»; that is close to more electronegative atom (Oxygen). 


48. Correct option is (c) 

The energy difference between z* and o* is very small and it absorbs at Amax =520 nm. When I; is 
dissolved in a non-donor solvent, there is no effect on energies of n* and o* of I; and it absorbs at A max 
—520 nm. Interaction of solvent donor orbital with the o* ‚Iz LUMO result in a lower occupied bonding 
orbital and a higher uncoupled bonding orbital As a result the 1*— o* transition for the I, donor adduct 
is shifted higher in a energy and lower wavelength. 

Hence, electron donor < weak donor < strong donor 

49. Correct option is (d) 

(1) The electronegativity of CF; is less than NF»? 

(11) NH» group has less electronegative than NF? 

(iii) OH group has less electronegative than NF; 

(iv) CH; and CH; group have almost similar value of electronegativity. 

50. Correct option is (c) 
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QUANTA POINT | Chemical Bonding 


n Cl j CI 
Ps 
a^ Vg e^ | "c 
CI 
=0 y= 0 


51. Correct option is (c) 
According to MOT the LUMO of CN and O; respectively are z, and o, 


52. Correct option is (a) 
As bond order increases, stretching frequency increases. 
0,72.5,0572, Or =1.5 O? =1 


53. Correct option is (b) 
- 2 2 2 2 2 ee 2 2 ESSI 
Or >O Is SO [st SO 25 <O 2,* <T 2px — 1 2py € O 2pz € Tt Fg 79 OM 


2 2 2 2 x 2 d 2 1 Ll 
O2 5 0, < 6515€ 05 < 05 X Wo = N 2py < O 292 < T VU, 


Bond order of Oy = m =1.5 


Bond order of O2 = 2 =2 
Bond order of O2 is more than O; thus, bond length of O5 is more than Op. 
* The superoxide ion O; is able to abstract proton from weak acids. It reacts with a proton or 
proton donor to form HO; 
Oz: +HX —^ HO? - X 
e The superoxide ion O is a stronger oxidising agent than O2 
e Oy does not possess dipole moment thus, it is IR inactive. 


54. Correct option is (d) 
The MO diagram of benzene is 


rmi V, 


— WV. V. LUMO 


4. Ap yy HOMO 
E 


Thus both HOMO and LUMO are doubly degenerate. 


55. Correct option is (a) 
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QUANTA POINT | Chemical Bonding 


F——Xe—0—— SO,F F——Xe—N(SO;F); 
Geometry = TBP Geometry = TBP 
Linear shape Linear shape 
F 
Xe 
Z | | 
O "Xe—O Geometry = TBP 
Geometry = Tetrahedral | T- shaped 


Pyramidal shape 


56. Correct option is (a) 
The bond order can be calculated by molecular orbital theory 


Molecule Bond Order 
NO* 3 

O5 2.5 

N; 2.5 

Cy" 1.5 


+ 2 2 2 2 2 2 2 
NO = O^1s < O 1s* < O 25 € O25" < TI 2px = N 2py < O pz 

+ _. 2 2 2 2 2 " 2 1 Ze 
O2 =O13 SO je <0 yy SO 9," < T 2px — TU Py 0 2X SE = 1 Toby 


+ 2 2 2 2 2 

N2 = O^ < O 1e < 0^2, < O^, * < N ape apy < O 2p2 
wD 2 2 2 x» 2 2 

C2 S LL dC X TU 2px = TU 2py 


Bond order of NO = Ho = 

Bond order of O° =" =23 
Bond order of N5' = = = 2.5 
Bond order of Cy” = 22 =1.5 


57. Correct option is (d) 

According to VSEPR theory as the size of central atom increases bond angle decreases. Hence, Bond 
angle of NF3 > SbCl; ,SbF3 

Now; in between SbCl; and SbF; . 'F' is more electronegative and pull the bond pair towards itself due 
to which bond angle FSbF decreases. The experimental bond angles are 


0 9 9 
[iz ^F at | EN" e 


58. Correct option is (c) 
*VSEPR theory is applicable for main group elements not for transition metal elements. Hence [PtCl4]” 
can't be explained. 
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QUANTA POINT | Chemical Bonding 


*Also VSEPR theory can not explain the structure of molecules which have stereochemically inactive 
lone pair. In [TeCl,]* there is one such lone pair. It is perfectly octahedral and hence can't be described 
by VSEPR theory. 

*PF3 is having lone pair and is trigonal pyramidal according to VSEPR theory. And SF is perfectly 
octahedral having no lone pair on 'S'. 


59. Correct option is (b) 
In B» and C2, s-p mixing takes place thus, energy of 26, is greater than Iz, whereas there is no s-p 


mixing takes place in Oo, thus, energy of 20g, is less than that of Iz, 


60. Correct option is (c) 


SO; 
Valence electrons = 6 
6-2-2-2 

L Li 

lo 2o [one 

In 20° lone 

10 pair] 


Hybridisation=1+2+1 = 4 i.e. sp? 


ZS 
o> | `o- 
o- 
Trigonal pyramidal shape 


Shape = Trigonal pyramidal 


BrF; 
Valence electrons = 7 
7-3=4+F 

Ll 4 4 


3c [Two [One 
3F lone coordinate 
Pair] bond] 
Hybridisation = 3 2 + 1 2 6 i.e. sp'd? 


Square planar shape 


CO," 
Valence electrons = 4 
4-2-2=0 
od 
lo 26 
Ix 20 
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QUANTA POINT | Chemical Bonding 


10 
Hybridisation = 1 + 2 =3 i.e. sp? 
Oo. ,0 


Shape = Trigonal planar 


61. Correct option is (a) 

Allred-Rochow electronegativity (yAR): 

YAR = (3590 z /1”)+ 0.744 

where, r = covalent radius (in pm), z* =effective nuclear charge 


62. Correct option is (c) 

Firstly draw the molecular orbitals. Then add electrons and count the number of bonding and anti 
bonding electrons. 

The bond order of a bond is half the difference between the number of bonding and antibonding 
electrons. 

Bond order = 1/2 [Bonding-Anti-bonding] 

The C-C sigma bonds. 

Each C-C o bond is a localised. It has 2 bonding electrons and zero non-bonding electrons. 

o Bond order = 2 (B-A) = 5 (2-0) = 1 

The C-C v bond. 

Benzene has 6 molecular n -orbitals of these, three are bonding and three are anti-bonding. The six  - 
electrons go into the three bonding orbitals. 

x Bond order= 1⁄2 (B-A) = 2 (6-0) =3 

This is the x bond order for 6 C-C bonds for one C-C n bond, Bond order = 3/6 =0.5 

For a single C-C bond in Benzene, the total Bond Order o + a= 1+ 0.5 =1.5 


63. Correct option (c) 

Applying VSEPR theory we can easily find out structures of the molecules 

BrF3 has 3 bond pairs and 2 lone pairs, hence it's geometry is TBP but structure is T-shaped 

FCIO: has 3 bond pairs and 1 lone pair, hence its geometry is Tetrahedral but structure is pyramidal. 
[XeFs] has 5 bond pair and 2 lone pairs, hence its geometry is Pentagonal bipyramidal but structure is 
pentagonal plannar. 

[CIF4] has 4 bond pairs and 2 lone pairs, hence its geometry is Octahedral but structure is square 
plannar. 

Xe0^ has 3 bond pairs and 1 lone pair, hence its geometry is Tetrahedral but structure is pyramidal. 


64. Correct option (a) 
The molecular structure are as follows 
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QUANTA POINT 


NN 
Zo ON. ES 
QNT NG S—S. 


cyanogen azide thio cyanogen 


65. Correct option (a) 
Electronic configuration of Hg = 5d'° 6s? 
For Hg” = 5d'° es! 


In order to form [Hg;]"' there will be one sigma bond between two Hg” atoms. 


| Chemical Bonding 
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UANTA 


Acids and Bases 


Hints & Solutions 


1. Correct answer is (b). 

Higher the charge and smaller size of the central metal cation increases the acidic strength of hydrated complex be- 
cause it polarizes O-H band of H,O easily. 

In [Sc(H,O),]? , Sc is in +3 oxidation state and has smallest size. 

Therefore, in size of depositive ions increase in the order 

[Sc(H?O),]? > [Ni(H,O) ,]| > [Mn(H,O),]? > [Na(H,O),]* 

2. Correct answer is (b). 

nH,O- CI —> [CI(H,O)n]- 


If negative end of O-H dipole approaches the CI ion, then there will be repulsion. 


ion dipole interaction positive and of OH dipole approaches the Cl ion and form CI(H,O)n] 


Not stabilized. Thus HO does not behave as a base 6H,.O*Mg? — [Mg(H,O),]? 


ó- JH 


3 O. ôt 
idi Sy 


repulsion 
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QUANTA POINT [Acids & Bases 


In this reaction Mg” behave as lewis acid and H2O behave as a ligand or lewis base. 
3. Correct answer is (b). 


4. Correct answer is (c) 

CH3;COOH+C;H;5N > CH3;COO d C;H;NH* (solvo cation) 
CH;COOH+H,SO, —5CH;3COOH;' + HSO4 (solvent anion) 
HCIO4-H;SO, —CIO4-H3SO« (solvent cation) [weak acid] 
SbF;42HF— [SbF¢]+H2F” — [strong acid] 


5. Correct answer is (c) 

HCIO, behave as an acid in H2SO4 because HCIO, contain higher dissociation constant than that of 
H,S0,, 

HCIO,, pKa, value -9 

H5S0, , pK, value -3, 

HNO; , pK, value -1, 

CH3COOH , pK, value 4.7. 

pK, value of HCIO, 7 pK, value of H,SO4 


6. Correct answer is (d) 
For aqua ion complex , acidity is more when (1) small size 
(11) greater charge. 


7. Correct option is (b) 
(D 2[Fe(CN)¢]* +H20:+ OH-— 2[Fe(CN),] ^  2H50 +0, 
(alkaline medium) Reduction 
(ID 2[Fe(CN).] * -2H^ +H202 — 2[Fe(CN)6] * + 2H20 
(acidic medium) Oxidation 
(II) 2MnO4 +6H* -5H;0; O 2Mn^* +8H,0+50, 
(acidic medium) Reduction 


8. Correct option is (a) 

In reaction (i)Water acting as an oxidant oxidizing Ca to Ca? getting itself reduced to H3. 
In reaction (ii) Water act as Lewis acid accepting elecron from Cl which act as a ligand. 
In reaction (iii) Water act as Lewis base donating electron to Mg” . 

In reaction (iv) Water acting as an redutant reducing F to F`. 


+] -2 Ees —2 +1 6 
wer k Ca ————Ó Ca** + 20H + H, 
sd loons wno auod 
i Reduction 
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QUANTA POINT | Acids & Bases 


i) H20 + CI'! = [Cl(H20)n] 
Where, Cl = Base, H20 = Acid 
iii) 6420 -Mg" — octahedral complex shown below 


+ 


OH 
? . 0H; 


m | K 


OH2 


Base(ligand) 


+] -2 0 *1-1 0 
2H,0 + 2F; ——— 4HF + Q 


same oxidation state 


Reductant 


Oxidation 


9. Correct option is (c) 


XeF; [Xe3F;]" . [AsFo] 


excess AsF4 


AER Liq. BrF; [XeF,] 


ele [XeF.]* . [ASF] 
Separation of XeF, from a mixture involves preferential complexation of XeF2 and XeFg and XeF, is 
then removed in vacuum 


10. Correct option is (b) 


(A) NOCI *Sn us [NO] 4 Cr ([NOJ] is not majore product ) 
(B) NOCI+ AgNO; — AgCl + N20, (Neutralization reaction) 
(C) NOCI -BrF4— [NO] + BrF4 
(D) NOCI+ SbCl; = [NOJ-^ SbClg 


11. Correct option is (a) 

KF -BrF; K^ - BrF4 

SnF442BrF; > 2[BF]' *[SnF4]? 

SbF; -BrF4— BrF;' + [SbF6] 

This only KF increases the concentration of BrF, in BrF3. 


12. Correct option is (c) 
Due to more acidity of HCl it will undergo more ionization. Hence, concentration of CI. will be 
maximum. 
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QUANTA POINT [Acids & Bases 


13. Correct option is (d) 

Cl, — solvolysis and disproportionation of Cl; in NH3 

Cl, +2NH; NH;CI + NH," + CE 

Ss — undergoes disproportionation in liquid NH3 

585 +16NH; — 4SN +4 SP. + 12NH4* 

CHCOOH acts as strong acid in NH3 

CH3COOH-NH; — CH;COO *NH4* 

Molecules that do not behave as acid in water, may behave as weak acids in NH3 
H,NCONH> +NH;3 => NH," + NH CONH 


14. Correct option is (d) 

AsF; + 2HF — [AsF6] + [HoF] 

PF; + 2HF —[PF;] + [H;F]* 

BF; + 2HF — [BF,4] -[H;F] 

BrF4* HF —[BrF;] + [HF] 

BrF3 acts as base as it donate F in HF 


15. Correct option is (d) 

SbF; + Br — [BrF;] + [SbF] Lewis base behaviour of BrF; 
[BrF?][SbFs] + Ag[BrF4] Ag[SbFs] + 2BrF;—Neutralization 
KF + BrF; K^ + [BrF4] — Lewis acid behaviour of BrF 3 
2BrF; —[BrF;] +[BrF4] — self-ionization 


16. Correct option is (d) 

A > Cb + 2H;0 > HOCI + H30° + Cr 

B > Ch + 2NH3 > NH;,CHE-NH4' «CE 

Above both reactions are example of solvolysis as well as disproportionation. 


17. Correct option is (b) 

MnO; + e 2MnO;? (By Na in lig. NH3) 

Me3CH —Me3C' (By super acids, only super acids attack C-H bond) 

Ag + Au —Ag[AuE,] 

H3PO4 4H —P(OH)* 

(This reaction occurs in H2SO,4 because in H2SO, solvent, H3PO, acts as a base) 


18. Correct option is (b) 
SbF; is strongest acid and PH; is strongest base. 


19. Correct option is (a) 
IO; (ag) + 5I (ag) 6H" (aq) — 3L(aq) + 3H;0(1) 


20. Correct option is (a) 
*When aqueous solution of AgNO; is added to an aqueous solution of KCI, white ppt of AgCl is formed. 
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QUANTA POINT [Acids & Bases 


White ppt 
But in liquid NH;, the direction of the reaction is reversed. 
AgCl + KNO; — KCl* AgNO; 
e NH4Br + KNH: — KBr + 2NH3 
This reaction is neutralization reaction in liquid NH3 
Ammonia solutions of alkali metals and alkaline earth metals are strong reducing agents. 
Fe(CO)s +2e — [Fe(CO)]? + CO 


21. Correct option is (c) 

2BrF3 + SnF4—(BrF2)2[SnF¢] 

Species formed in reaction are BrF?* and [SnF6]" 
AuF; + BrF; — BrF; [AuF4] 

Species formed in reaction are BrF;' and [AuF4] 


22. Correct option is (d) 

This can be explained with the help of HSAB principle. 

*Be" is hard acid hence favour hard base F` 

*Also La? is hard acid, thus favour hard base CO3” . Therefore, process B and D are not feasible. 


La,(CO;); + BiS; © > LajS; Bij(CO;), 
HA HB — HA SB 


BeF: *HgLl € > Bel; + HgF; 
HA HB — HA SB 


23. Correct option is (d) 
HOSO»F + HF — [H;F]' + [SO;FT 
Acid 


CH;CO;H-2HF — [CH3C(OH);] 4 [HF;] 
Base 


LiF + HF > Li’ [HE] 
(Base) 


H.O + HF > HO" +F 
(base) 


24. Correct option (d) 

In first reaction, Xe is acting as electron donor to become [Xe] ', hence as a base. 

In second reaction XeF, is accepting electron to become [XeF 4], hence it is an acid. 
25. Correct option (a) 
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Lewis acidity of silicon halides depends on electronegativity of halide groups 

lewis acidity of Ele&tXonegativity of X 
since, electronegativity order is F > Cl> Br > I , thus correct order of lewis acidity is Sil4 < SiBra< 
SiCl, < SiF4. Hence Statement (i) is correct. 
In statement (i1) SnCl, is given, which is a Hypovalent compound, having incomplete octet and hence 
will behave as Lewis Acid. 
Aluminosilicates have general formula AIM,SiO, since there is NO H” ion present thus there is no 
chance of Brónsted acidity. 
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UANTA 


Bioinorganic Chemistry 


Hints & Solutions 


1. Correct Option (b) 


Vitamin B,, molecule is built-around a Corrin ring containing cobalt (IIT) atom. 


NHOC NN CH; CH; CONH: 
ys CONH: 
NH,0C7 =< L8 
CHi - e 
CH N > 


3 
Corrin ring of vit B12 


H—7 
NH;OCAZ 7 
* 


+ 
Phosphate 


moiety 
Diphenylbenzamidazole 


2. Correct answer: (b) 
Carboxypeptidase enzyme contains Zn? ion and it cleaves (hydrolyses) the carboxy terminal amino 


acid from a peptide chain. 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA POINT | Bio-inorganic Chemistry 


HN SN ts a 
Jd Vs 


v 


Histidine-196 i 


EU ou Histidine-69 


Glutamate-72 


3. Correct answer is (b) 


44His NH H ASpsi 
| f " 
X » ot d Hisey 
N 2" — 
Z7 A N i 


7 Po , 
HN” Y N—Qi—N e 1407 «NH 
M. ve we 
a His, NH 
is His w^ —- 
Hig in- 
4A MIS 


4. Correct answer is (c). 
Camptothecin, an quinolone alkaloid, is used as a chemotherapeutic agent in the treatment of leukemia 


5. Correct answer is (d) 
N+ 8H’ 48e -16 ATP 5 2NH; +H, +16ADP+16Pi 


6. Correct answer is (c). 
EPR studies show that,Mn^* can replace Mg” in nucleic acid processing enzymes 


7. Correct answer is (d). 
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dn. Non-labile sulfur . 


S-cys 


8. Correct answer is (a). 
„O 


E "E. 
IESU EN 
NS NS 


M, UT 
Hemoglobin 


9, Correct answer is (a). 


His(73) His(73) 
(10 Hi 100) Hi 
m | _-His(77) His | _—His (77) 
ÁLp P9 p, m HH 
dÓ-system Fe(II)g o O—H Fe(II) oy d (oa | 
O5 
C—0 SSS C—O f" 
(58)Glu—C, \ (58)Glu— C, V/ o 
‘N om ho. al 
Asp(106) | His(54) Asp(106) | His(54) 
His(25) His(25) 
(I)Fe (H)Fe 
Deoxy hemerythrin d Oxy hemerythrin 


10. Correct answer is (c). 
NAD' —Biological reductant 
T 


Flovoprotein 


i 
cyt b cyt b£— PC 


11. Correct answer is (a). 
Fe- Hb & Mb cytochromes 
Mo- nitrogen fixation 

Cu- hemocyanin 
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Zn- metalloezymes 


12. Correct answer is (b) 
Because zinc is a Lewis acid and hence, 
H : H e 
n OK ng xL H e Za(OH) 
H H 
So, correct option is (b) 
However, oxidase are enzyme that catalyse the reduction of O;— H20 or H204, 
Os(g) + 4e *8H' (inside) 2H O(1) + 4H” (outside) 


13. Correct answer is (b) 
Free heme (i.e. without globular protein chain) it foms u -oxodimer) Le. 


X EN (tin) 
2 Com) mee 


which is unable to bind O5 


14. Correct answer is (d) 
The coordination geometry of copper (II) uf the type LCopper protein plastocyanin is distorted 


tetrahedral 
Cu* 


15. Correct answer is (a) 
Nitrogenase enzyme,cofactor contains Fe, Mo also known as Iron-molebdenum cofactor. 


$ T 
a 


is 
Fe-Protein 
Mo-Fe-Protein Nitrogenase 
complex 
A. B. C. 


16. Correct answer is (b) 
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O 
^ 
N 
Nnis y Nhis A O 
his, MM, a Nhis O Nhis, | SQ: i | "i Nhis 
“eg Fell 2 "Fe" Fe 
Nu; Ay k l bos -O5 Nhi 7 k / bM 
his Oy gO is Ow gO 
On C O MS O 
W^ Ni 
C C 
i "| 
R R 


Hemerythrin, one iron centre is penta coordinated and other is hexacoordinated and iron exist at 
peractive site found in marine invertebrates. 


17. Correct answer is (c) 
Wilson's disease is caused by excess accumulation of Cu in the body. Thus the reason being low level of 
copper-storage protein, ceruloplasmin. 


18. Correct answer is (d) 
Prolonged use of ZnSO,, for the cure of Zn deficiency, reduces the amount of copper, iron and calcium 
levels in body. 


19. Correct answer is (b) 

1-DOPA, also known as levodopa and 1-3,4-dihydroxyphenylalanine, it crosses the protective blood- 
brain barrier, whereas dopamine itself cannot. Thus, |-DOPA is used to 

increase dopamine concentrations in the treatment of Parkinson's disease and dopamine-responsive 
dystonia. 


20. Correct answer is (a) 
Catalase is a tetramer of four polypeptide chains covering 500 amino acids. 
It works as H,O>+ Fe (III)-E — H20+O=Fe (IV) - E 
H,0,+O= Fe(IV) - E* > H,O + Fe(IID-E + O; 
The colour arises as Fe(III) changes into Fe(IV). 


21. Correct answer is (b) 
The chemical reaction involved is shown below: 
N35 +8H* 48e +16 ATP > 2NH; +H; +16ADP+16Pi 


22. Correct answer is (c) 
Ozone is a diamagnetic gas which is of dark blue coloured due to absorption of red light. 
(A=557 and 602 nm) 
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Ozone depletion discovered by J.C. Farman over Halley Bay in Antarctica. 

Ozone also show strong absorption in à =255 UV which is good for earth, it act as a green house , 
sunlight can come in but it can not go out . 

'UV-b' is most dangerous, would damage the DNA of all living beings. 

Ozone protects earth by keeping it warm . 


23. Correct answer is (d) 

Molybdoenzymes containing Molybdenum as the central metal, since it exists in two stable oxidation 
states (IV) and (VI), thus it can transfer oxygen atom to substrate as well as it can abstract oxygen-atom 
from the substrate. 


24. Correct answer is (a) 

The movement of iron atom and imidazole side chain of histidine toward the porphyrin plane results in 
breaking of some of the salt bridges. The breaking of these salt bridges reduces the strain in hemoglobin 
molecule. Therefore, the oxyform of hemoglobin is called relaxed state (1.e., R state). The T form of 
deoxyhemoglobin discourages the addition of first dioxygen molecule. 

The bonding of one dioxygen molecule to a subunit of hemoglobin reduces the steric hindrance in the 
other subunits (due to breaking of salt bridges) and therefore encourages the third as well as fourth 
subunits. This is called cooperative mechanism 


25. Correct answer is (a) 

Total number of z-electrons in microcyclic rings of heme, coenzyme B 1 and chlorophyll is 
Heme-11 z electrons in microcyclic ring 

Coenzyme B12= 5 z electrons in microcyclic ring 

Chlorophyll- 10 x electrons in microcyclic ring 


Check-out below images. 
CH; 


7 CH, 
CH; 
/ HW? CH 
H,C- 1 ^ Á 
HaC Z ie d a — 
—N N-/ CH 
Mg ? 
a NAN 
HC" EN E ae m ?—CH. 
HaC CH; MENS. 
CH; CH CH ae — 
| | Í m 0 
Hc” dix. T 07 Ss OCH; 


O^ “OH gum 
Chlorophyll, 10 z electrons in 
HEME, 11 z electrons in microcyclic ring 


microcyclic ring 
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H9NOC 
CONH; 


a HO 
S o x 
\ 
-O 4 
o7F, z 
Oo ~ oH 


R = 5'-deoxyadenosyl, CH3, OH, CN 
26. Correct option (b) 


(His) (His) 


N N 
(His) N d (Il TSW N (His) 
is) N— Cu | u= is 
[9) 
N 
(His) (His) 
Oxyhemocyanin 
(3, 3-histidine amino acids) 


27. Correct answer is (d) 


SUN CONH> 


Vitamin B;;, 5 x electrons in 
microcyclic ring 


) 
PS 
Fe 
ml 
^ Q 
Glu —C O----H 
AsP— c o Pd So 
O— Fe [9] 
Z X Oxyhemerythrin 


(His) (His) (2, 3-histidine amino acids) 


| Bio-inorganic Chemistry 


In 1956, in Japan minamata'disater-had been broken out in coastal area. This is a neurological syndrome 
caused by mercury pollution. The Hg” get converted into MeHg” by carbonic biomethylation. Which 
form strong bonding with thiol(-SH) group of protein having cysteine amino acid. Hence, A, B and C 


are correct. 
28. Correct answer is (a) 
Myoglobin is pH independent . 


100 


% satüration 


0 40 80 120 
Po,(mm Hg) 


Lungs (gills) Hb+ 40; — (HbO2)4 
Tissues Hb(O2) 4 +4Mb — 4MbO,+ Hb 
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pH dependent shown by hemoglobin is known as Bohr effect (binds one H” for every dioxygen 
molecules) 


29. Correct answer is (a) 

Oxyhemocyanin stables as oxygen carrier. 
Carbonic anhydrase 

Carbonic anhydrase converts CO, to H2CO; 
Cytochrome P45 oxidizes alkene to epoxide. 


O 
y-—( cyt. Paso SX 
er —— Hie 


Carboxy peptidase A catalyzes the hydrolysis of C-terminal peptide bond. 


H H 
| l 3 Əl , 
N—C—C—NH—C—C + H,0 ——> NH—E—C, + NH3—c—c" 
R 99 R, 0° R 909 


30. Correct option is (a) 
The carbonic anhydrase enzyme that catalyst the vapid interconversion of carbon-dioxide and water to 
bicarbonate and protons (and vice versa). 


CO2+H20—H2C03 (in tissue high CO» concentration) 


HCO3 + H H3CO45-—CO), + H30'(in lungs and nephronse of kidney) 

Hydration occur in blood at high pH values. 

Dehydration occur in lungs at low pH. values. 

Carboxypeptidase A is a pancreatic exopeptidáse that hydrolise peptide bond of C terminal. 


R (0) R [e 
K N A. o y 4 3 uN JL o 
Te i cs did de. 
[9] R [e] R 


Polypeptide (n-residues) Polypeptide (n-lresidues) ^ Amino acid 
Where, K —ATg;.Lys, and Urnithine 
31. Correct answer is (a) 


Deoxy form 
Fe? (high spin) oxy form 
Fe? (low spin) 


protein “protein 


tense form relax form 
(out of cavity) (enter the cavity) 


Deoxy . Hb Oxy Hb 
Fe" HS Fe" LS 
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4.2 6, 0 
Dg Cg Dg Cg 
Fe is above the plane which Fe is fitted well inside the plane thus 
tends to increase the Fe-N distance . reducing Fe-N bond distance. 


32. Correct option is (a) 

Oxy-hemocyanin are proteins that transport oxygen throughout the bodies of some invertebrate animals. 
These metalloprotein contain two copper atoms that reversibly bind a single oxygen molecule (O2). 

The total of six coordinated imidazole units of histidine present in the active site ofoxy-hemocyanine. 


d 
p Q Q 
Oxy-hemocyanin 
33. Correct option is (a) 
Myoglobin is found in tissue and store the oxygen in tissue transported by Haemoglobin ,it contain 
high-spin five coordinate Fe(II), reacts readily & reversibly with O2 to produce a low-spin Fe(II)-O2 
complex [ storage of O2] 


Cytochrome P45) haem containing monooxygenases, catalyses the insertion of oxygen in substrate , 
oxidation of 5-exoposition of camphor; oxidation of alkene etc. 


R R 


== E Cyt P-450 J AN 1 
R 


R R R 
34. Correct option is (b). 
In deoxyhaemocyanin Cuds in Cu(I) state i.e. have d's’ configuration therefore it colourless and 


diamagnetic. Diamagnetism is due absence of unpaired electrons and colourless is due to no d-d 
transition as all the orbitals are filled. 


His-N Cu(I) (D Cu N-His 


His NEU A 


Cu(I). d? 
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35. Correct option is (d). 
Oz in free state, vo, — 1580 cm™ when O; bound to hemoglobin, it makes strong coordinate bond with 
Fe of hemoglobin and O-O bond strength decreases slightly, so in oxy-hemoglobin, vy, = 1100 em”. 


36. Correct option is (a). 


Hemoglobin - O» trasnport & iron 
Cytochrome b- Electron carrier & iron 
Vitamin B12- Group transfer reactions & cobalt 


Hemocyanin - O transport & copper 


37. Correct option is (a) 
Absence of globin chain following reaction is occur 


PFe' + O, GPFel-0, + Fe!P — P-Fe™!-O-O-Fe™-P 
234 (66 
Qus cs opp s Pre Ore EP 


reversible 
(Haematin) 


38. Correct option is (c) 

Pt- complex used as anticancer drug 

Au-complex used as anti arthritis agent 

Gd-complex used in MRI as contrast agent'due to theif strong paramagnetic behaviour 
Li-complex used in Maniac depression 


39. Correct option is (a) 
Structure of m-porphyrine complex canbe shown as 


Here, (A) represents = five membered ring 
(B) represents — six membered ring. 
Thus, these are four 5-membered ring and four-6-membered ring. 


40. Correct option is (a) 
cis-platin modifies the DNA structure by binding to N-7 nitrogen atom of guanine base. 
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cis—[Pt(NH,), Cl, |+ H,O = cis -[ Pt(NH,), c(8,0) | «cr 


41H30 
-C1 


—>cis-| P(NH,), C! | -N(DNA) 


cis -| P(NH,), (H,0) -N - DNA | —2o«cis-[ Pt (NH;), |= DNA 


41. Correct option is (a) 


In carbonic anhydrase OH group first attack on CO? and then CO; interact with Zn. 


ia H' So 


E 
M go> ) 
Hg Nog (1 qug Nig 
Lig ~ Lig 
H,CO,; " -CO, 
DIG (2) r 
Oo 
H,O m " 
C 
O ^ OC C 
ZEE (3) —I1 ) 
NP. —— AU IT 
t X X4 Lig V tls 
Lig Lig m Lig 


| Bio-inorganic Chemistry 


Here, step (2) shows attack of OH.group with CO», the product formed after step (3) shows later 


interaction of CO, with Zn metal. 


42. Correct option is (a) 


Ruberdoxin cysteine 2-iron ferredoxin Fe-S» 
S (Cys) 
| CS NZ 
Fe F Fé 
EI Pin h PE 
dd SS Cvs p S (Cys) 
cysteine | cysteine Lys) 
cysteine 


4-iron ferredoxin 
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(Cys) $——Fe— — — S 


SH BE (Cys) 
N | a 

ji S 

S (Cys) 


Number of inorganic sulfur (sulfide) which do not belong to protein chain in ruberdoxin; 2-ferredoxin 
and 4- ferredoxin are 0, 2, 4 respectively. 


43. Correct option is (b) 
Co-enzyme B12 catalyses dehydration, 1, 2-carbon shift reaction in organic substrates and conversion of 
ribonucleotide to deoxyribonucleotide. 


44. Correct option is (c) 
Metallothionines — Cystein rich protein 
Plastocyanin Electron Transfer 
Ferritin Iron storage 

Chemotherapy Carboplatin 


45. Correct option is (b) 
Heme A — Iron porphyrin Colour due to x-x* water splitting enzyme contains bridged Mn, cluster 


(v (HO) 2t 4 , Spin forbidden 
uie 6) » 3d transitions 
" ansiti0ns 
2g 
[Cr(H20)]? - €, ', Tetragonal elongation 
46. Correct option is (a) 
In oxyhemerythrin 30.0 = 850 cm" 


In oxyhemoglobiir" voo = 1100 cm” 


47. Correct option is (a). 
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II II II HI III 
PFe + O, — —» PFeO, + PFe ———> PFe — O — Fe — P 


Il 
ITI III pre 11V 


PFe—O—FeP -— —— 2PFe- O 


Hematin 


48. Correct option is (b) 
Metallothioneins are cystein rich, low molecular weight protein. Due to soft sulfur centre they prefer to 
bind. 


49. Correct option is (a) 
Both deoxyhemerythrin and deoxy hemocyanin are O; transport protein in biological system. Both 
contain two metal ion at active site and they bind only O2 pef active site. 


50. Correct option is (c) 
Cytochrome-c shows redox reaction and it is an essential component of electron transport chain. 
whereas it is carriers of one electron and does not bind.oxygen 


51. Correct option is (c) 
In oxyhemerythrin, both the Fe are present as Fe(III) and there is presence of hydrogen bonding and 
dioxygen bind to only one Fe. 


52. Correct option is (d) 
Cubane like ferredoxin is Fé2S4- It has four inorganic sulfide which can be removed by treatment with 
acid. 


Fe,S$4 > Fey’? + 4HBS 


53. Correct option is (d) 

The Cu ion is essential that can not be replaced by other metal atom while retaining activity. On the 
other hand, the Zn ^ ion can be replaced by other divalent metals atom such as Co or Cd with retention 
of most of the activity, 


54. Correct option is (d) 


(His) —— (Hi a 
mE alt ME se (His) LPS a 
‘ ^ MA, O9 A 
(Hi —— (His) (His) —: 
Colourless 


(1) In oxygenation of hemocyanin each Cu atom is oxidized by one. 
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(II) It becomes intense blue from colourless due to LMCT (02° to Cu?) 
(III) O; is reduced to O5? because each Cu is oxidized by one. 
(IV) The O?? binds to two Cu atoms in the u-n’ : n? manner. 


55. Correct option is (a) 


cis-platin 


Trans effect of CI > NH; 
In blood it stays in equilibrium with cis-[Pt(NH3)2Cl(H20)]* 


CI E 
dt. 4 H,0 n pHa 
r - "X 
HN Cj - HN CI 


In DNA stand, cis-platin binds to two adjacent guanin bases (Not to cytosine bases) 


56. Correct option is (a) 
CONH; 


CONH; 
CH3 


ow” 


Z 


H,NOC / ^u 
DNI re) 
CH, 0 = a 
3 pba *™\_SCDNH2 
[e] P ' 
Mos 


57. Correct option is (a) 

Oxymyoglobin — O^ +1105 cm"! 
Oxyhemocyanin — n° : 07? 803 cm! 
Oxyhemerythrin — HO; — 844 cm” 


58. Correct option is (c) 
Siderophores/siderochromes are small, high-affinity iron-chelating compounds secreted by micro 
organisms such as bacteria and fungi and serving to transport iron across all membranes. 


59. Correct option is (d) 
(P) Dichlorodifluoro methane —(iv) Ozone layer depletion 
(Q) Sulfadiazine (iii)Antibacterial 
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(R) Cortisone— (i)Anti-inflammatery 
(S) Hexachlorobenzene— (11)Insecticidal 


60. Correct option is (c) 

Cytochrome P-450 is a membrane bound metalloenzyme. The function of most cytochrome P-450 
enzyme is to catalyze the oxidation of organic substrate. In the active site of cytochrome P-450, iron is 
in +3 oxidation state and it is in octahedral geometry whereas the basal plane is composed of four N 
atoms from the porphyrin ring, fifth position is occupied by a cysteine moiety and sixth position is 
occupied by H20 molecule. 


S(cyst) 


N N : 
li Luc P , 
orphyrin 
x a. ring 


Cytochrome P-450 


61. Correct option is (d) 
Coenzyme Vit-Bı2 was the first organometallic compound discovered in living systems. This coenzyme 
catalyses 1, 2-rearrangement. 


—G 


ag * 
Et | 


*Coenzyme B; readily accepts a methyl group or hydroxyl methyl group (bound to Co) that can be 
transferred to add a carbon to-a.substrate 
o 
N EE ee — —» HO—C—CH—CH,;—CH,—SCH; 


NH NH; 


3 2 


*Coenzyme B45 reduces -CH(OH) group to -CH» group 


62. Correct option is (b) 

*Both oxymyoglobin and cytochrome P450 contain dianion of protoporphyrin-IX. 

*Oxymyoglobin has fifth ligand bonded to metal centre from protein hackbone but in cytochrome P 450 
one S-atom of cysteine is coordinated instead of histidine from protein backbone. 

*Both contain single active site [Fe (III)] 


63. Correct option is (a) 
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Et 


| 
N 
o^ NS “et Anaesthetic 


Procaine 


(P) 
HoN 


Procaine is a local anesthetic drug of aminoester group. It is used primarily to reduce the*pain of 
intramuscular injection of penicillin. 


Anticoagulant 


Warfarin 


Warfarin is used as an anticoagulant. It is commonly used to treat blood clots such as deep vein 
thrombosis and pulmonary embolism and to prevent stroke in people who have atrial fibrillation values 
heart diseases as artificial heat value. 


NH; 
H 
Dee 
(e 
O^ ~OH 
Cefalexin, also spelled cephalexin, is an antibiotic that can treat a number of bacterial infections. It kills 


gram-positive and same gram-negativé bacteria by dissrüpting the growth of the bacterial cell wall. 
Cefalexin is a beta-lactam antibiotic within the class of first-generation cephalosposins. 


64. Correct option is (b) 

In oxymyoglobin, Fe” present intow spin. Thus, have configuration ie e, i.e one unpaired electron. 
[Fe(ox)4]* 

Fe? 23d? 


e 
=> 5 unpaired electrons 
LA Cy l 
> 5 unpaired electrons 
Lm LL by d 
—' 


» | unpuired electrons 


E. ET 


(C) [NiCL]" 
Ni? = d° = ty," e, 
2 unpaired electron 
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(D) [Cu(NH3)4I* 
Cu? = t T 
] unpaired electron 


65. Correct option is (a) 

(A) Ni present in coenzyme F 45, (III) which catalyzes the release of methane (Y) in the final step of 
methanogenesis. 

(B) Zn present in carbonic anhydrase (I) which catalyses the hydration of CO2 into.H2CO; (Z): 

(C) Mo present in Xanthine oxidase (II) which catalyzes the oxidation of Xanthine to.uric acid (X). 


66. Correct option is (d) 


(a) P (b) " t o L^ 


- à 
HNI” | wa RUMIN, a* | wa 


^Y x x 7 e 

Q 
It is an orally active antitumor agent. Its action seems to be similar to that of Cisplatin, but with the 
added feature that its ligands protect it from reaction n digestive system and allow it to be absorbed into 
blood stream. 


*Glutathione (GHS) is capable of preventing damage to important cellular components caused by 


reactive axvoen snecies 


(a) te (b) E os L^ 


has promising anticancer actuvity-as 1t binas to GSH ana wnen rouowed by oxidation, promotes binding 
to guanine in DNA. 
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Q 
shows anti-metastatic action as instead of binding with DNA, it interacts with actin type proteins on cell 


surface or with collagens of extra-cellular matrix, which leads to reduced mobility of invasive cancer 
cells, 


67. Correct option is (a) 
The molecular orbital diagram for binding of O2 to myoglobin is 
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ý ll i n This is responsible for the formation 


v. A Crj of c-bond and the orbitals involved 


Fe(Il) Fe-O of O, and 


for its formation are 7 
d^ of Fe(U . 
aside ts formation are 1* of O5 


and d? of Fe(II) 


68. Correct option is (d) 

In the catalytic cycle of cytochrome P45o, peroxo complex [(porphyrin)Fe" (OOH)] undergoes 
protonation which leads to removal of one oxide ion as water via heterolytic O-O cleavage to form 
oxyferryl complex with one electron having.been oxidized from a -HOMO of porphyrin ring leaving it 
as a radical cation i.e. [(porphyrin) *Fe'(O)] 


69. Correct option (c) 

Zeolite is used for capturing CO;; 

Indium tin oxide (ITO) is a form of perovskite used in solar cells. 

LiCoO2, Lithium cobalt oxide is a dark blue or bluish-gray crystalline solid, and is commonly used in 
the positive electrodes of lithium-ion batteries 

Pt alloy is used in fuel cells. Pt is used’as the catalyst for both the hydrogen oxidation reaction (HOR) 
occurring at the anode and the oxygen reduction reaction (ORR) at the cathode. 


70. Correct option (a) 

Biological function of Hemerythrin and Hemocyanin is O» transport. 
Cytochrome P450 and Tyrosinase are Oxygenase 

Rieske Protein and. Azurin are used for electron transfer. 


71. Correct option (a) 
In 3-iron ferredoxins, the number of sulfide bridges is 3 and cysteinyl ligands are also 3 
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S S 
M NC 
Cms NO 
S S(Cys) 


72. Correct option (d) 
Rubredoxin consist of Fe? centre with Tetrahedral geometry, hence statement (A) is correct. 
Reduced form of iron is paramagnetic in nature, statement (B)4fcorrect. 


Due to presence of asymmetric electrons in eg orbitals, Jahn-Teller distortion is observed. Thus 
statement (C) is correct. 


Rubredoxins are [1Fe-4S] clusters, hence statement (D) is incorrect. 
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UANTA 10 


Analytical Chemistry 


Hints & Solutions 


1. Correct option is (c) 

In inductively coupled plasma atomic emission spectroscopy, the plasma gas flows in a helical pattern(i.e. induction 
coil) which provides stability and helps to late thermally the outside quartz tube. 

2. Correct option is (a) 

In thermometric titration, the determinant of the degree to which a reaction will proceed to completion is 


the free energy change, which must be favourable. Other condition to obtain best result in thermometric 


titration are 

. The reaction should be accompanied by sufficient heat change. 

. Heat of dilution should be negligible 

. Reaction should be a simple one step changed 

. Transfer on heat between the titration vessels and its surrounding should be avoided. 


3. Correct option is (c) 

. The hollow cathode lamp is an excellent, having highest sensitivity, bright line source for most ofthe elements 
determinable by atomic absorption. 

e The most advanced and widely used high sensitivity sampling technique for atomic absorption is the graphite 
furnace. Detection limit for the graphite furnace fall in the ng/L range for most elements. The sample is 
atomised in a very short period of time, concentrating the available atoms in the heated cell and resulting in the 
observed increased sensitivity. 

4. Correct option is (c) 

(a) In spectrofluorimetry the wavelength of incident light can range from 200 nm to 900 nm. 

(b) Intensity and colour ofthe fluorescence of many substance depends upon the pH of solutions. 

(c) Since, presence of O, decreases the fluorescence, thus oxygen is eradicated from the solution. 


(d) In flourimetry absorbance of analyte solution is generally kept near to 0.05. 
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5. Correct option is (a) 

. In conductometric titration the end point of titration is determined by means of conductivity 
measurements. For example, via conductance/resistance vs volume of alkali plot. 

. Amperometric titration refers to a class of titrations in which the equivalence point is determined 
through measurement of the electric current produced by the titration reaction. 

. Differential pulse polarography is an electrochemical technique where the cell current is 
measured as a function of time and as a function the potential between the indicator and reference 
electrodes. 


6. Correct option is (b) 
HPO; is used in the estimation of Fe(II) with K2Cr2.O7 using diphenylamine sulphonate as indictor to 
reduce the electrode potential for the Fe? —Fe" reaction by stabilising the ferric ion. 


7. Correct option is (d) 

*Copper (Cu), Silver (Ag) and Gold (Au) are called currency metal (present. in.native form). 
Amperometric titration is the one of the economic technique for estimation of these metals. 

e It is a class of titration in which the equivalence point is determine through measurement of electric 
current produced by the titration reaction. 

e Amperometric titration sensitivity is always higher than than those of spectrophotometeric titrations. 
*Amperometric titration does not generally require an indicator, 

*Amperometric titration does not require inért atmosphere. 


8. Correct option is (a) 

Thermometric titration is the method in which atitrant is added stepwise to a vessel containing another 
reactant. The enthalpy change on heattof reaction causes a temperature change which when plotted 
versus volume of titrant is used-to-detect the end point. 

(1) Electron capture detector is adevice for detecting atoms and molecules in a gas and is used in atoms 
and molecules in a gas and is used'in Gas-liquid chromatography. 

(ii) The abnormal peak which appears in polographic titration can be supposed by addition of Gelatin. 
(111)In spectrofluorimetry laser may used as source. 


9. Correct option is (a) 

A commonly used measure of the separating efficiency of a column is height equivalent theoretically 
plate (HETP) It can be determined by van Deemter equation. 

HETP depends upon 

e Mean carrier gas velocity 

* Temperature of the column 

e Packing-of the column 

HETP does not depends upon particle size 


10. Correct option is (b) 
Electron diffraction is used to get the bond parameters of gaseous samples 
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11. Correct option is (c) 

(a) Oxalic acid versus potassium permanganate: 

End-point is colorless — pink purple (Amax = 525 nm) 

(b) Iron (II) versus 1, 10-phenanthroline: 

End-point is colorless — Reddish-orange (Amax 7512 nm) 

(d) Nickel (II) versus Dimethylglyoxime: 

End-point is colorless Red (Amax = 445 nm) 

(c) Cobalt (II) versus Eriochrome Black-T: 

End-point is Blue-green — green 

(pH=8) . (Amax 7660 nm) (Amax 7600 nm) 

Free EBT — Co(II) + EBT complex 

Since, color change at end-point is not significant for option(c) which is requirement of the 
spectrophotometric titration. Therefore, color monitoring method is not suitable in this case. 


12. Correct option is (d) 

The peak area of differential thermal analysis is proportional to 
(1)mass of the sample 

(11) heat of decompositional phase change 


13. Correct option is (b) 

Phosphorescence has been observed form a.wide variety of compounds and is differentiated from 
fluorescence by long lived emission of light after extinction of the excitation source i.e. it done after 
fluorescence, if parsists. 

Phosphorescence increases when héavy atoms like iodine silver and lead etc. are added. 
Phosphorescence increases, when analyte used become immobile. 

Hence, both (A) and (B) are.correct. 

14. Correct option is (b) 

Correct statement are 

*Area of different thermahanalysis peak is proportional to amount of sample 

eIn the thermo gravimetric analysis area of curve is proportional to mass loss 

eIn thermo gravimetric analysis two metal ion simultaneously determine. 


15. Correct option is (d) 
Primary analytical method is isotopic dilution mass spectrometry (not using a reference). 


16. Correct option is (c) 
Decomposition temperature of CaCO; in thermogravimetric analysis will be highest in dynamic 


atomosphere due to the presence of 1:1 mixture of O2 and CO. 


17. Correct option is (a) 
Coulometry is based on Faraday's law of electrolysis 


18. Correct option is (a) 
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Inductively coupled plasma atomic spectroscopy (ICP-AES) is an analytic technique used for detection 
for trace metals and it is better than AAS for simultaneous determination of metal ions. Hence, option 
(d) is correct. 

In Atomic Absorption Spectroscopy mercury lamp is not suitable source but hollow cathode lamp (HCI) 
are the most common radiation source in Atomic Absorption Spectroscopy and atomizers most 
commonly used are flame and electro thermal (graphite). Solid sample is used in determination. 


19. Correct option is (a) 

Thermometric titration is the method in which a titrant is added stepwise to a vessel containing another 
reactant. The enthalpy change on heat of reaction causes a temperature changé which when plotted 
versus volume of titrant is used to detect the end point. 

(1) Electron capture detector is a device for detecting atoms and molecules in a gas and.is used in atoms 
and molecules in a gas and is used in Gas-liquid chromatography. 

(2) The abnormal peak which appears in polographic titration can be supposed by addition of Gelatin. 
(3)In spectrofluorimetry laser may used as source 

20. Correct option is (d) 

The residual current in case of DCP is non-faradic current which should be minimum to get the accurate 
result. This problem of non-faradic current is overcome by use of DPP-in which non-faradic current is 
less than DCP. That is why DPP is more sensitive.than DCP. 

Though the polarograph is different in both cases but it has. nothing to do with sensitivity. 


21. Correct option is (a) 
Increase of intensity of light used incréases fluorescence as the fluorescence life-time increases. Molar 
absorptivity increases absorbance which further. enhances fluorescence. 


22. Correct answer (a) 

For ICP-OES and ICP MS argon is most suitable gas to generate plasma. 

A number of gases cane be used to. produce plasma, like Ar, Ne, N2, O2, H2, air and mixture of gases. 
The physical properties of the gases play a decisive role in this regard. Such important properties are 
ionization and dissociation energy; thermal conductivity, atomic weight and chemical reactivity. 

Argon belongs to the groüp of inert gases. It means that it does not react with the material during 
production of plasma. Its atomic weight - the highest among all plasma gases and it generates high 
kinetic energy of the plasma beam. Due to its low ionization potential argon is excellently suitable for 
generating the plasma beam. However, argon has a low thermal conductivity and a low thermal capacity 
which limits its application is some specific areas only. 


23. Correct answer is (c) 

Gel permeátion chromatography is a size exclusion chromatography , that separates analytes on the 
basis of size. So, the size difference in fatty acids and low molecular weight peptides is greater so they 
can be separated by using gel permeation chromatography. 


24. Correct answer is (d) 
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In thermogravimetric analysis (TGA) use of dynamic innert atmosphere is decrease with respect to 
temperature. 


25. Correct answer is (a) 
Statements A, B and C are correct. 


26. Correct answer is (b) 

Chemical reactions between analyte and matrix that prevent the atomization of the analyte. One 
common one is that Sulfate or phosphates anions will form non-volatile salts with Fe , so its signal 
decreases. Can be treated in two ways 

1. Releasing agents can add to metal to prevent formation of interference complexes, example EDTA or 
8-hydroxyquinoline. 


27. Correct answer: (d) 

(a) O2 must be removed as it give its own polarogram, due to following reactions, 
O2 + 2H’ *2e = H20 ; O; + 4H" + 4e — 2H;0 

(b) Dropping mercury electrode is the working electrode 

(c) Ia xC 

(d) Residual current need not to be made zero. 


28. Correct answer is (c) 
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